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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-T-B sintered type permanent 
magnet of high performance which is suitable for a use requiring high Br and high 
(BH)max. 



SOLUTION: This R-T-B sintered type permanent magnet (R is at least one kind 
of rare earth element containing Y and necessarily contains at least one kind of 
heavy rare earth element selected from among a group composed of Dy, Tb and 
Ho, and T is Fe or Fe and Co) has a composition, where R: 28-33 wt.%, B: 0.5-2 
wt.% and residue is practically composed of T and unavoidable impurities. The 
R-T-B sintered type permanent magnet has a texture containing first R2T14B 
type main phase crystal grains, where the concentration of heavy rare earth 
element is higher than these of crystal grain phase and second R2T14B type 
main phase crystal grains, where the concentration of the heavy rare earth 
element is lower than that in the crystal grain phase. 
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CLAIMS 
[Claim(s)] 

[Claim 1] R-T-B system sintering mold permanent magnet which has the 
presentation which becomes an RO.5-2% and remainder real target from T and 
an unescapable impurity with weight percent: 28 - 33%, B: (R is a kind of rare 
earth elements containing Y at least) T is Fe, or Fe and Co, surely including at 
least a kind of heavy-rare-earth element chosen from the group which consists of 
Dy, Tb, and Ho. it is -- the R-T-B system sintering mold permanent magnet 
characterized by having an organization containing the first R2T14B type main 
phase crystal grain with the concentration of said heavy-rare-earth element 
higher than a grain boundary phase, and the second R2T14B type main phase 
crystal grain with the concentration of said heavy-rare-earth element lower than a 
grain boundary phase. 

[Claim 2] The R-T-B system sintering mold permanent magnet characterized by 
containing 0.01 - 0.6% of M1 (however, M1 being a kind of element chosen from 
the group which consists of Nb, Mo, W, V, Ta, Cr, Ti, Zr, and Hf at least.) with 
weight percent in a R-T-B system sintering mold permanent magnet according to 
claim 1. 

[Claim 3] The R-T-B system sintering mold permanent magnet characterized by 



containing 0.01 - 0.3% of M2 (however, M2 being a kind of element chosen from 
the group which consists of aluminum, Ga, and Cu at least.) with weight percent 
in a R-T-B system sintering mold permanent magnet according to claim 1 or 2. 
[Claim 4] The R-T-B system sintering mold permanent magnet with which R is 
characterized by being 33% or less exceeding 31% in a R-T-B system sintering 
mold permanent magnet according to claim 1 to 3 with weight percent. 
[Claim 5] The R-T-B system sintering mold permanent magnet characterized by 
containing 0.6% or less of oxygen, 0.15% or less of carbon, 0.15% or less of 
nitrogen, and 0.3% or less of calcium with weight percent as said unescapable 
impurity in a R-T-B system sintering mold permanent magnet according to claim 
1 to 4. 

[Claim 6] The R-T-B system sintering mold permanent magnet characterized by 
containing 0.25% or less of oxygen, 0.15% or less of carbon, 0.03% or less of 
nitrogen, and 0.3% or less of calcium with weight percent as said unescapable 
impurity in a R-T-B system sintering mold permanent magnet according to claim 
1 to 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the R-T-B system sintering mold 
permanent magnet which has high coercive force, a residual magnetic flux 
density, and a maximum energy product. 
[0002] 

[Description of the Prior Art] As for the R-T-B system sintering mold permanent 
magnet (R is a kind of rare earth elements containing Y at least, and T is Fe, or 
Fe and Co.), the thing of about 40 MGOe(s) is mass-produced by the maximum 
energy product. There are a single method and the blending method as a means 
to adjust the alloy presentation of a R-T-B system sintering mold permanent 
magnet. 

[0003] The single method is an approach of performing grinding, shaping among 
a field, sintering, and heat treatment, and manufacturing a R-T-B system 
sintering mold permanent magnet using the ingot adjusted to the principal 
component presentation of a R-T-B system sintering mold permanent magnet in 
dissolution/casting phase, desired machining and surface treatment are given 
and practical use is presented with the obtained R-T-B system sintering mold 
permanent magnet. 

[0004] The blending method is an approach of grinding if needed, performing 
shaping among a field, sintering, heat treatment, and surface treatment 
henceforth, and manufacturing a R-T-B system sintering mold permanent magnet, 
after mixing two or more sorts of alloy powder for R-T-B system sintering mold 
permanent magnets with which presentations differ with the compounding ratio 
which finally becomes the principal component presentation of a desired R-T-B 
system sintering mold permanent magnet. 

[0005] According to the describing [ above ] single method, it is comparatively 
easy to heighten coercive force iHc, but a residual magnetic flux density Br and 
maximum energy product (BH) max become low, and there is a problem of not 
being suitable in the application as which high Br and high (BH) max are required. 



[0006] Moreover, although the R-T-B system sintering mold permanent magnet 
(JP, 7-1 2241 3,A) which comes to blend a R-T system alloy with high R content 
and a R-T-B system alloy with low R content as an example of application of the 
conventional blending method, and the R-T-B system sintering mold permanent 
magnet (JP,9-232121,A) which Ga, C, and O are segregating on R rich phase 
and the outskirts of it are proposed, the room of amelioration is to make it 
suitable for the application of high Br and high (BH) max. Nothing is solved about 
the optimal concentration distribution of the heavy-rare-earth element of the main 
phase crystal grain especially with the large effect on magnetic properties, and its 
control approach. 

[0007] Therefore, the purpose of this invention is offering the R-T-B system 
sintering mold permanent magnet of the suitable high performance for the 
application as which high Br and high (BH) max are required. 
[0008] 

[Means for Solving the Problem] An example is taken by the above-mentioned 
purpose. Wholeheartedly as a result of research this invention persons The 
presentation which becomes a remainder real target from T and an unescapable 
impurity R 28-33% and B0. 5-2% with weight percent (R is a kind of rare earth 
elements containing Y at least) T is Fe, or Fe and Co, surely including at least a 
kind of heavy-rare-earth element chosen from the group which consists of Dy, Tb, 
and Ho. It has. The first R2T14B type main phase crystal grain with the 
concentration of said heavy-rare-earth element higher than a grain boundary 
phase, The R-T-B system sintering mold permanent magnet which has an 
organization containing the second R2T14B type main phase crystal grain with 
the concentration of said heavy-rare-earth element lower than a grain boundary 
phase hit on an idea of high Br and high (BH) max being shown to header this 
invention. 

[0009] the R-T-B system sintering mold permanent magnet by one desirable 
example of this invention - weight percent ~ R:28 - 33%, and B: 0.5 - 2%, and 
M1 : 0.01 - 0.6% (M1 is a kind of element chosen from the group which consists 



of Nb, Mo, W, V, Ta, Cr, Ti, Zr, and Hf at least.), and the remainder - it has the 
presentation which consists of T and an unescapable impurity substantially. 
[0010] The R-T-B system sintering mold permanent magnet by another desirable 
example of this invention It is RO.01-0.6% (M1 is a kind of element chosen from 
the group which consists of Nb, Mo, W, V, Ta, Cr, Ti, Zr, and Hf at least.) at 
weight percent. : 28 - 33%, B: 0.5 - 2%, M1 : M20.01-0.3% (M2 is a kind of 
element chosen from the group which consists of aluminum, Ga, and Cu at 
least.) : It has the presentation which becomes a remainder real target from T 
and an unescapable impurity. 

[001 1] R is 33% or less exceeding 31% in weight percent, and the R-T-B system 
sintering mold permanent magnet by the still more desirable example of this 
invention has the presentation which contains 0.6% or less of oxygen, 0.15% or 
less of carbon, 0.03% or less of nitrogen, and 0.3% or less of calcium as an 
unescapable impurity. 

[0012] R is 28 - 31% in weight percent, and the R-T-B system sintering mold 
permanent magnet by the still more desirable example of this invention has the 
presentation which contains 0.25% or less of oxygen, 0.15% or less of carbon, 
0.15% or less of nitrogen, and 0.3% or less of calcium as an unescapable 
impurity. 

[0013] The R-T-B system sintering mold permanent magnet of this invention of 
the whole quantity of rare earth elements is the same, except that the ratios of 
heavy-rare-earth elements (Dy etc.) / light-rare-earth elements (Nd, Pr, etc.) differ, 
a presentation mixes two or more kinds of same alloy powder substantially, and it 
performs shaping among a field, sintering, and heat treatment, and it is obtained 
from subsequently performing machining, finish-machining (barrel finishing etc.), 
and surface treatment (nickel plating etc.) if needed. It is important to choose and 
have the optimal sintering conditions according to the presentation of two or 
more kinds of said alloy powder and the last presentation of a R-T-B system 
sintering mold permanent magnet, and to control strictly the diffusion condition of 
the heavy-rare-earth elements (Dy etc.) in a sintered compact in-house. 



Consequently, the crystalline structure containing the R2T14B type main phase 
crystal grain with the concentration of heavy-rare-earth elements (Dy etc.) higher 
than a grain boundary phase and the R2T14B type main phase crystal grain with 
the concentration of heavy-rare-earth elements (Dy etc.) lower than a grain 
boundary phase is obtained about concentration distribution of the R2T14B type 
main phase crystal grain (almost core) and the heavy-rare-earth elements (Dy 
etc.) in a grain boundary phase. 

[0014] although coercive force iHc is a little low compared with the R-T-B system 
sintering mold permanent magnet by the single method, the R-T-B system 
sintering mold permanent magnet which has such a sintered compact 
organization is boiled markedly, and has high Br and high (BH) max. Although 
the correlation with this and concentration distribution of heavy-rare-earth 
elements (Dy etc.) is not clear still enough, the R2T14B type main phase crystal 
grain with heavy-rare-earth element concentration (Dy etc.) higher than a grain 
boundary phase contributes to high implementation of Br, and is presumed to be 
what has contributed to the high implementation of iHc with the R2T14B type 
main phase crystal grain near the single method with heavy-rare-earth element 
concentration (Dy etc.) lower than a grain boundary phase. 
[0015] 

[Embodiment of the Invention] [1] The presentation of the R-T-B system sintering 
mold permanent magnet of R-T-B system sintering mold (permanent magnet A) 
(presentation a) principal component this invention consists of the principal 
component and unescapable impurity which consist of R 28-33%, B 0.5-2%, and 
T with weight percent. In addition, it is desirable as a principal component to 
contain 0.01 - 0.6% of the weight of M1 (at least a kind of element chosen from 
the group which consists of Nb, Mo, W, V, Ta, Cr, Ti, Zr, and Hf), and/or 0.01 - 
0.3% of the weight of M2 (at least a kind of element chosen from the group which 
consists of aluminum, Ga, and Cu). 

[0016] (1) At least, R element R elements are a kind of rare earth elements 
containing Y, and surely contain a kind of heavy-rare-earth [ at least ] element 



chosen from the group which consists of Dy, Tb, and Ho. As rare earth elements 
other than a heavy-rare-earth element (Y is included), Nd, Pr, La, Sm, Ce, Eu, 
Gd, Er, Tm, Yb, Lu, and Y are mentioned. As rare earth elements R, the mixture 
of two or more sorts of rare earth elements may be used like a misch metal or 
didym. 

[0017] The content of R is 28 - 33 % of the weight. The fall of Br will become 
remarkable, if high iHc which is equal to practical use in the content of R being 
less than 28 % of the weight is not obtained and it exceeds 33 % of the weight. 
[0018] As for the content of a heavy-rare-earth element, it is desirable that it is 
0.2 - 15% of the weight of within the limits. The improvement effectiveness of 
magnetic properties according that the content of a heavy-rare-earth element is 
less than 0.2 % of the weight to distribution of the heavy-rare-earth element in 
the crystalline structure is inadequate. Moreover, if the content of a heavy-rare- 
earth element exceeds 15 % of the weight, Br of a R-T-B system sintering mold 
permanent magnet and (BH) max will fall greatly. The content of a more 
desirable heavy-rare-earth element is 0.5-13 % of the weight. 
[0019] (2) The content of BB is 0.5 - 2 % of the weight. The fall of Br will become 
remarkable, if it is difficult to obtain high iHc which is equal to practical use in the 
content of B being less than 0.5 % of the weight and it exceeds 2 % of the weight. 
[0020] (3) A T element T element is a Fe independent or Fe+Co. While the 
corrosion resistance of a sintering mold permanent magnet is improved by 
addition of Co, the Curie point goes up and the thermal resistance as a 
permanent magnet improves. However, if the content of Co exceeds 5 % of the 
weight, a Fe-Co phase harmful to the magnetic properties of a R-T-B system 
sintering mold permanent magnet will be formed, and both Br and iHc will fall. 
Therefore, Co content is made into 5 or less % of the weight. On the other hand, 
less than 0.5 % of the weight of the improvement effect and the heat-resistant 
improvement effectiveness of corrosion resistance [ content / Co ] is insufficient. 
Therefore, when adding Co, it is desirable to make Co content into 0.5 - 5 % of 
the weight. 



[0021] (4) M1 element M1 is at least a kind of refractory metal element chosen 
from the group which consists of Nb, Mo, W, V, Ta, Cr, Ti, Zr, and Hf. By 
existence of M1 element, too much growth of the main phase crystal grain 
produced by diffusion of heavy-rare-earth elements (Dy etc.) in a sintering 
process is suppressed, it is stabilized and high iHc near the single method can 
be obtained. However, if M1 element is added superfluously, normal grain growth 
of the main phase crystal grain will be checked conversely, and the fall of Br will 
be caused. Therefore, the upper limit of the content of M1 element is 0.6 % of the 
weight. On the other hand, addition effectiveness with the content of M1 element 
sufficient at less than 0.01 % of the weight is not accepted. Therefore, as for the 
content of M1 element, it is desirable that it is 0.01 - 0.6 % of the weight. 
[0022] (5) M2 element M2 is a kind of element chosen from the group which 
consists of aluminum, Ga, and Cu at least. 

[0023] iHc of a R-T-B system sintering mold permanent magnet and corrosion 
resistance are improved by minute amount addition of aluminum. However, since 
Br will fall greatly if aluminum content exceeds 0.3 % of the weight, aluminum 
content is made into 0.3 or less % of the weight. On the other hand, less than 
0.01 % of the weight of iHc or a corrosion resistance improvement effect is 
[ aluminum content ] insufficient. 

[0024] iHc of a R-T-B system sintering mold permanent magnet improves notably 
by minute amount addition of Ga. However, since Br will fall sharply like 
aluminum if it exceeds 0.3 % of the weight, Ga content is made into 0.3 or less % 
of the weight. Moreover, the meaningful improvement effectiveness of iHc is not 
accepted at less than 0.01 % of the weight. 

[0025] Minute amount addition of Cu is effective in the corrosion resistance 
improvement of a sintered compact, and improvement in iHc. However, like 
aluminum and Ga, if Cu content exceeds 0.3 % of the weight, Br of a R-T-B 
system sintering mold permanent magnet falls sharply, and less than 0.01% of a 
corrosion resistance improvement and the improvement effectiveness of iHc is 
insufficient. 



[0026] The content of M2 element makes either aluminum Ga or Cu 0.01 - 0.3 % 
of the weight as above. 

[0027] (b) Oxygen, carbon, nitrogen, calcium, etc. are mentioned as an 
unescapable impurity unescapable impurity, calcium is mixed as an unescapable 
impurity, when two or more kinds of R-T-B system alloys with which the contents 
of a heavy-rare-earth element differ are produced by the reduction diffusion 
method (how to return the oxide powder of rare earth elements with a reducing 
agent (calcium), and to obtain alloy powder by counter diffusion with other basis 
metals continuously). 

[0028] As for the content of oxygen, it is desirable that it is 0.6 or less % of the 
weight, as for a carbonaceous content, it is desirable that it is 0.15 or less % of 
the weight, as for the content of nitrogen, it is desirable that it is 0. 1 5 or less % of 
the weight, and, as for the content of calcium, it is desirable that it is 0.3 or 
less % of the weight. If the content of each unescapable impurity exceeds the 
above-mentioned upper limit, the magnetic properties of a R-T-B system 
sintering mold permanent magnet will fall. As a content of a more desirable 
unescapable impurity, oxygen is 0.25 or less % of the weight, carbon is 0.15 or 
less % of the weight, and nitrogen is 0.03 or less % of the weight. Oxygen is 0.05 
- 0.25 % of the weight, carbon is 0.01 - 0.03%, and the nitrogen of especially the 
content of a desirable unescapable impurity is 0.02 - 0.15%. 
[0029] The following are mentioned as an example of a presentation of a R-T-B 
system sintering mold permanent magnet of having such an amount of 
unescapable impurities. 

[0030] (i) Presentation whose carbon R is 33% or less exceeding 31% in weight 
percent, oxygen is 0.6% or less, and is 0.15% or less, whose nitrogen is 0.03% 
or less and whose calcium is 0.3% or less. For example, carbon can be made 
and nitrogen can be made 0.005 - 0.03% for oxygen 0.01 to 0.15% 0.25 to 0.6% 
by adoption of a dry pressing method. 

[0031] (ii) Presentation whose carbon R is 28 - 31% in weight percent, oxygen is 
0.25% or less, and is 0.15% or less, whose nitrogen is 0.15% or less and whose 



calcium is 0.3% or less. For example, carbon can be made and nitrogen can be 
made 0.02 - 0.15% for oxygen 0.01 to 0.15% 0.05 to 0.25% of the weight by 
adoption of a wet compaction method. 

[0032] (B) The crystalline structure of the R-T-B system sintering mold 
permanent magnet of organization this invention has the R2T14B type main 
phase crystal grain and a grain boundary phase. Said R2T14B type main phase 
crystal grain is the first R2T14B type main phase crystal grain with the 
concentration of (i) heavy-rare-earth element higher than a grain boundary phase 
at least, The second R2T14B type main phase crystal grain with the 
concentration of (ii) heavy-rare-earth element lower than a grain boundary phase 
is contained. Said R2T14B type main phase crystal grain is . (iii) The 
concentration of a heavy-rare-earth element may contain the third main phase 
crystal grain almost equal to a grain boundary phase. In a core (core part), it 
measures mostly, and the concentration of the heavy-rare-earth element in the 
R2T14B type main phase crystal grain says the field of the R2T14B type main 
phase crystal grain which 1.0 micrometers or more of core parts of the R2T14B 
type main phase crystal grain entered from the grain boundary here. Although Dy 
is desirable as a heavy-rare-earth element, you may be the mixture of Tb and/or 
Ho, or them and Dy. 

[0033] In the taken cross-section photograph of the crystalline structure, the total 
number of the R2T1 4B type main phase crystal grain is made into 1 00%. The 
ratio of the number of the first R2T14B type main phase crystal grain is 1 - 35%, 
the ratio of the number of the second R2T14B type main phase crystal grain is 3 
- 55%, and, as for the ratio of the number of the third R2T14B type main phase 
crystal grain, it is desirable that it is 96 - 10%. first - the ratio of the number of the 
third R2T14B type main phase crystal grain -- the above -- it is difficult for a R-T- 
B system sintering mold permanent magnet to have the high coercive force iHc, 
a residual magnetic flux density Br, and maximum energy product (BH) max as it 
is out of range. More preferably, the ratio of the number of the first R2T14B type 
main phase crystal grain is 3 - 30%, the ratio of the number of the second 



R2T14B type main phase crystal grain is 10 - 45%, and the ratio of the number of 
the third R2T14B type main phase crystal grain is 87 - 25%. 
[0034] [2] In order to manufacture the R-T-B system sintering mold permanent 
magnet of this invention which has the manufacture approach above-mentioned 
organization, adopt the so-called blending method which mixes two or more 
kinds of R-T-B system alloy powder with which the contents of heavy-rare-earth 
elements, such as Dy, differ, in this case, every -- it is made for the total quantity 
of R element to become the same with each alloy powder as for the presentation 
of R-T-B system alloy powder For example, in Nd+Dy, as shown in the below- 
mentioned example 1, one alloy powder is set to 29.0%Nd+1.0%Dy, and the 
alloy powder of another side is set to 15.0%Nd+15.0%Dy. About elements other 
than R element, although it is desirable that each alloy powder is substantially 
the same, some difference may be in the content of M1 and/or M2. 
[0035] for example, the content of the heavy-rare-earth [ when mixing two kinds 
of alloy powder, while making the total quantity of both R element the same, 
make the content of the heavy-rare-earth element in the first alloy powder into 0 - 
10 % of the weight, and ] element in the second alloy powder -- 10 % of the 
weight -- super- ~ it may be 40 or less % of the weight. In this case, it is desirable 
to set the compounding ratio of the first alloy powder / second alloy powder to 70 
/ 30 - 95/5 by weight, and it is more desirable to be referred to as 80 / 20 - 90/10. 
This, so that the difference of the content of the heavy-rare-earth element 
between the first alloy powder and the second alloy powder becomes large The 
difference in the pulverizing nature between the first alloy powder and the second 
alloy powder (particle size distribution of fines) becomes large. It is because the 
square shape nature of a demagnetization curve and degradation of (BH) max 
which show the relation of intensity-of-magnetization (4pil)-magnetic field 
strength (H) by the particle size distribution of the main phase crystal grain of the 
R-T-B system sintering mold permanent magnet finally obtained becoming broad 
are invited. 

[0036] Pulverizing of R-T-B system alloy powder can be performed by wet- 



grinding methods, such as dry grinding methods, such as a jet mill through inert 
gas, or a ball mill. In order to acquire high magnetic properties, it is desirable to 
collect fines out of an inert gas ambient atmosphere in direct mineral oil, 
synthetic oil, vegetable oil, or those mixed oils, as after jet mill pulverizing and 
atmospheric air cannot be touched in the inert gas (concentration: it is 1000 ppm 
at volume ratio following) ambient atmosphere which does not contain oxygen 
substantially, and to make it mixture (slurry). Oxidation and adsorption of 
moisture can be controlled by intercepting fines from atmospheric air. As mineral 
oil, synthetic oil, or vegetable oil, from a viewpoint of deoiling nature and a 
moldability, a thing 350 degrees C or less has a desirable point distillling 
fractionally, in a room temperature, the thing of kinematic viscosity of 10 or less 
cSts is good, and its thing of 5 or less cSts is more desirable. 
[0037] As two or more sorts of alloys for R-T-B system sintering mold permanent 
magnets blended in order to manufacture the permanent magnet of this invention, 
the sheet metal-like alloy (strip cast alloy) illustrated by the Japan patent No. 
2,665,590, the Japan patent No. 2,745,042, etc. may be used. This sheet metal- 
like alloy (strip cast alloy) quenches and comes to solidify the alloy molten metal 
which has the presentation with which the requirements for this invention are 
filled with molten metal quenching methods, such as the single rolling method, 
the congruence rolling method, or a rotation disc method, and it has the 
homogeneous organization of a columnar crystal mostly, and the diameter of 
average crystal grain of the direction of a minor axis of said columnar crystal is 3- 
20 micrometers. High Br and (BH) Grinding is desirable after performing 
homogenization heat treatment which cools a sheet metal-like alloy in inert gas 
ambient atmospheres (Ar etc.) to an after [ 900-1200 degree-Cx1 - 10 hour 
heating ] room temperature, in order to obtain max. 

[0038] A Plastic solid is acquired using mixture (slurry) by carrying out a wet 
compaction in a field with desired shaping equipment. In order to suppress 
degradation of the magnetic properties by oxidation, it is desirable to hold in an 
oil or an inert gas ambient atmosphere in between [ until it puts into a sintering 



furnace from immediately after shaping ]. Shaping may be performed with dry 
process. In the case of a dry pressing method, press forming of the mixture of 
desiccation fines is carried out all over a magnetic field in an inert gas ambient 
atmosphere. 

[0039] If a temperature up is rapidly carried out from ordinary temperature to 
sintering temperature on the occasion of sintering of a wet compaction object, the 
mineral oil, synthetic oil, or vegetable oil which remained in the Plastic solid will 
react with rare earth elements, will generate rare earth carbide, and will cause 
degradation of the magnetic properties of the sintered magnet obtained. It is 
desirable to perform deoiling processing held 30 minutes or more by the 
temperature of 100-500 degrees C and below degree of vacuum 10-1 Torr as 
this cure. The mineral oil, synthetic oil, or vegetable oil which remains in a Plastic 
solid by deoiling processing is fully removable. In addition, whenever [ stoving 
temperature ] does not need to be fixed if it is a 100-500-degree C temperature 
requirement. Moreover, while carrying out a temperature up from a room 
temperature to 500 degrees C with the degree of vacuum below 10-1 Torr, the 
deoiling effectiveness almost equivalent also as the following can be hereafter 
acquired for a programming rate by 5-degree-C/preferably by 10-degree-C/. 
[0040] By sintering a Plastic solid at the temperature of about 1000-1200 degrees 
C in an inert gas ambient atmosphere, a R-T-B system sintering mold permanent 
magnet is manufactured. Desired machining and surface treatment are 
performed to the obtained R-T-B system sintering mold permanent magnet. As 
surface preparation, nickel plating, electrodeposted epoxy resin coating, etc. are 
mentioned. 
[0041] 

[Example] Although the following examples explain this invention to a detail 
further, this invention is not limited to them. 

[0042] Coarse powder with a particle size of 500 micrometers or less was 
obtained by carrying out coarse grinding of the ingot alloy A which has the 
principal component presentation of example 1 table 1, and the ingot alloy B, and 



carrying out screen analysis in an inert gas ambient atmosphere, respectively. 
87.9kg of coarse powder of Alloy A and 12.1kg of coarse powder of Alloy B were 
thrown into the V shaped rotary mixer, it mixed, and 100kg mixed coarse powder 
was obtained. When the presentation of mixed coarse powder was analyzed, the 
impurities which principal components are Nd27.3%, Dy2.7%, B1.0%, and 
NbO.2%, aluminum0.1%, Co1.0%, Cu0.1%, and Remainder Fe, and are 
contained in this mixed coarse powder with weight percent were 0.15% of the 
weight of O and 0.01 % of the weight of N, and 0.02% of the weight of C. 
[0043] 
[Table 1] 
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mi mm.%) 


Nd 


Dy 


B 


Nb 


Al 


Co 


Cu 


Fe 


A 


29.0 


1.0 


1.0 


0.2 


0.1 


1.0 


0.1 




B 


15.0 


15.0 


1.0 


0.2 


0.1 


1.0 


0.1 





[0044] The oxygen density carried out jet mill grinding in nitrogen-gas- 
atmosphere mind 10 ppm or less (volume ratio), and used said mixed coarse 
powder as fines with a mean particle diameter of 4.0 micrometers. Fines were 
collected in the state of atmospheric air and non-contact in nitrogen-gas- 
atmosphere mind in direct mineral oil (the Idemitsu Kosan make, trade 
name:ldemitsu super sol PA-30), and the fines slurry was obtained, the Plastic 
solid acquired using this fines slurry by carrying out wet compression molding on 
condition that magnetic-field-strength 10kOe and moulding pressure 1.0 ton/cm2 
-- about -- the inside of the vacuum of 5x10-1 Torr - 200 degrees C -- 1 hour -- 
heating - after deoiling -- succeedingly - about -- it sintered by 3x10-5 Torr in 
the 1050-1 100-degree C temperature requirement for each 2 hours, it cooled to 
the room temperature, and the sintered compact was obtained. 
[0045] After performing heat treatment of 900 degree-Cx 2 hours, and 500 
degree-Cx 1 hour to each sintered compact once each in an inert gas ambient 
atmosphere, it cooled to the room temperature and the R-T-B system sintering 
mold permanent magnet was obtained. When magnetic properties were 
measured in 20 degrees C, the result shown in drawing 1 was obtained. When 



sintering temperature was made into 1070-1 110 degrees C so that clearly from 
drawing 1 , magnetic properties desirable as a permanent magnet were acquired. 
When (BH) max of iHc of Br of 13.8kG(s) and 18kOe and 45.9MGOe(s) is 
obtained when especially sintering temperature is made into 1090 degrees C, 
and sintering temperature is made into 1 100 degrees C, they are Br of 13.8kG(s), 
iHc of 17.9kOe, and 45.7MGOe. (BH) max was obtained and Br and (BH) max 
were high. 

[0046] When the presentation of a typical sintered magnet was analyzed among 
said sintered magnets, principal components were NdO.2%, aluminum:0.1%, 
Co: 1.0%, Cu:0.1%, and Remainder: Fe in weight percent, and unescapable 
impurities were 0.17% of O and 0.05% of N, and 0.07% of C. : 27.3%, Dy : 2.7%, 
B: 1.0%, Nb : 

[0047] It gazed at the cross-section organization of a typical sintered magnet like 
the below-mentioned example 7 among said sintered magnets, and the 
concentration of the heavy-rare-earth element (Dy) in the inside (almost core) of 
the main phase crystal grain (R2T14B) and a grain boundary phase was 
measured. Consequently, it turned out that it consists of the first main phase 
crystal grain with the concentration of a heavy-rare-earth element (Dy) more 
expensive the R2T14B type main phase crystal grain than a grain boundary 
phase, the second main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) lower than a grain boundary phase, and the third main 
phase crystal grain with the concentration of a heavy-rare-earth element (Dy) 
almost equal to a grain boundary phase. [0048] Coarse grinding was carried out 
like the example 1 except having used the ingot alloy C which has the principal 
component presentation of example of comparison 1 table 2. When the 
presentation (% of the weight) of this coarse powder was analyzed, principal 
components were Nd:0.1%, Co:1.0%, Cu:0.1%, and Remainder: Fe, and 
impurities were 0:0.13%, N:0.008%, and C:0.02%. : 27.3%, Dy : 2.7%, B: 1.0%, 
Nb : 0.2%, aluminum 
[0049] 



[Table 2] 
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Dy 
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Nb 


Al 


Co 


Cu 


Fe 


c 


27.3 


2.7 


1.0 


0.2 


0.1 


1.0 


0.1 





[0050] Pulverizing (mean particle diameter of 4.1 micrometers), slurrying, 
shaping among a field, deoiling, sintering, and heat treatment were performed 
like the example 1 using this coarse powder, and the sintering mold permanent 
magnet of the example of a comparison by the single method was obtained. 
When the presentation (% of the weight) of this sintering mold permanent magnet 
was analyzed, principal components were NdO.2%, aluminum:0.1%, Co: 1.0%, 
Cu:0.1%, and Remainder: Fe, and impurities were 0:0.15%, N:0.04%, and 
C:0.06%. : 27.3%, Dy : 2.7%, B: 1.0%, Nb : 

[0051] The result of having measured magnetic properties in 20 degrees C is 
shown in drawing 1 R> 1 . Although the level of iHc is as higher as 1 9kOe(s) 
order than drawing 1 , Br is 13.3 or less kGs, (BH) max is 42.5 or less MGOes, 
and it turns out that it is low compared with Br of an example 1 , and (BH) max. 
Moreover, the main phase crystal grain with the concentration of the heavy-rare- 
earth element Dy higher than a grain boundary phase was not observed by the 
cross-section organization of the sintered magnet of this example of a 
comparison. [0052] Coarse grinding of the ingot alloy D which has the principal 
component presentation of example 2 table 3, and the ingot alloy E was carried 
out like the example 1 except having used, respectively. 94kg of coarse powder 
of Alloy D and 6kg of coarse powder of Alloy E were thrown into the V shaped 
rotary mixer, and it mixed, and considered as 100kg mixed coarse powder. When 
the presentation of mixed coarse powder was analyzed, principal components 
were Nd:0.15% and Remainder: Fe in weight percent, and impurities were 
0:0.14%, N:0.01%, and C:0.01%. : 22.4%, Pr: 8.9%, Dy : 1.2%, B: 1.0%, 
aluminum: 0.1%, Ga 
[0053] 
[Table 3] 
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23.2 


9.3 
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0.1 


0.15 
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8.9 


3.6 


20.0 


1.0 


0.1 


0.15 





[0054] The oxygen density carried out jet mill grinding in the nitrogen-gas- 
atmosphere mind below 500 ppm (volume ratio), and used mixed coarse powder 
as fines with a mean particle diameter of 4.1 micrometers. Dry type compression 
molding was carried out on condition that magnetic-field-strength 10kOe and 
moulding pressure 1.5 ton/cm2 using these fines. After sintering the acquired 
Plastic solid respectively among the vacuum of abbreviation 3x10-5 Torr in a 
1040-1 1 10-degree C temperature requirement for 2 hours, it cooled to the room 
temperature and the sintered compact was obtained. 
[0055] After performing heat treatment of 900 degree-Cx 3 hours, and 550 
degree-Cx 1 hour to each sintered compact once each in an inert gas ambient 
atmosphere, it cooled to the room temperature and the R-T-B system sintering 
mold permanent magnet was obtained. When magnetic properties were 
measured at 20 degrees C, the result shown in drawing 2 was obtained. Drawing 
2 R> 2 showed that magnetic properties desirable as a permanent magnet were 
acquired when sintering temperature is made into 1050-1100 degrees C. When 
especially sintering temperature was 1070 degrees C, (BH) max of Br of 
13.4kG(s), iHc of 16.3kOe, and 43.2MGOe(s) was obtained, and when sintering 
temperature was 1 080 degrees C, (BH) max of Br of 1 3.4kG(s), iHc of 1 5. 1 kOe, 
and 43.3MGOe(s) was obtained, and Br and (BH) max were high. 
[0056] When the presentation of a typical sintered magnet was analyzed among 
said sintered magnets, principal components were Nd:0.15% and Remainder: Fe 
in weight percent, and impurities were 0:0.45%, N:0.02%, and C:0.07%. : 22.4%, 
Pr: 8.9%, Dy : 1.2%, B: 1.0%, aluminum: 0.1%, Ga 

[0057] The concentration of a heavy-rare-earth element [ in / for the cross-section 
organization of a typical sintered magnet /the inside (almost core) of the main 
phase crystal grain (R2T14B) and a grain boundary phase ] (Dy) was measured 
like the below-mentioned example 7 among said sintered magnets. 



Consequently, the first R2T14B type main phase crystal grain with the 
concentration of a heavy-rare-earth element (Dy) more expensive the R2T14B 
type main phase crystal grain than a grain boundary phase, The second R2T14B 
type main phase crystal grain with the concentration of a heavy-rare-earth 
element (Dy) lower than a grain boundary phase and the third R2T14B type main 
phase crystal grain with the concentration of a heavy-rare-earth element (Dy) 
almost equal to a grain boundary phase showed being constituted. 
[0058] Coarse grinding was carried out like the example 1 except having used 
the ingot alloy F which has the principal component presentation of example of 
comparison 2 table 4. When the presentation of coarse powder was analyzed, 
principal components were Nd:0.15% and Remainder: Fe in weight percent, and 
impurities were 0:0.14%, N:0.01%, and C:0.02%. : 22.4%, Pr: 8.9%, Dy : 1.2%, 
B: 1.0%, aluminum: 0.1%, Ga 
[0059] 
[Table 4] 
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22.4 
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0.1 


0.15 


mm 



[0060] Pulverizing (mean particle diameter of 4.0 micrometers), shaping among a 
field, sintering, and heat treatment were performed like the example 2 using this 
coarse powder, and the sintering mold permanent magnet of the example of a 
comparison by the single method was obtained. When the component of this 
magnet was analyzed, principal components were Nd:0.15% and Remainder: Fe 
in weight percent, and impurities were 0:0.43%, N:0.03%, and C:0.06%. : 22.4%, 
Pr: 8.9%, Dy : 1.2%, B: 1.0%, aluminum: 0.1%, Ga 

[0061] The result of having measured magnetic properties at 20 degrees C is 
shown in drawing 2 . Although the level of iHc was a little high compared with the 
example 2 so that clearly from drawing 2 , Br was 1 2.9 or less kGs and (BH) max 
was as low as 40.1 or less MGOes. Moreover, the main phase crystal grain with 
the concentration of a heavy-rare-earth element (Dy) higher than a grain 



boundary phase was not observed by the cross-section organization of the 
sintered magnet of this example of a comparison. [0062] Coarse grinding was 
carried out like the example 1 except having used the ingot alloy G which has the 
principal component presentation of example 3 table 5, and the ingot alloy H. 
Next, 81 .8kg of coarse powder of Alloy G and 1 8.2kg of coarse powder of Alloy H 
were thrown into the V shaped rotary mixer, it mixed, and 100kg mixed coarse 
powder was obtained. Remainder: When the presentation of mixed coarse 
powder was analyzed, in weight percent, Nd6.00%, B:0.97%, Nb:0.29%, 
aluminum:0.10%, Co:2.00%, Ga:0.08%, and Cu:0.10%, the principal component 
was Fe and were impurity 0:0.14%, N:0.01%, and C:0.02%. : 19.14%, Pr: 5.34%, 
Dy: 
[0063] 
[Table 5] 
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[0064] Pulverizing (mean particle diameter of 4.2 micrometers), slurrying, and 
compression molding in a field were performed like the example 1 using this 
mixed coarse powder, the acquired Plastic solid - about - the inside of the 
vacuum of 5x10-1 Torr ~ 200 degrees C - 1 hour -- heating - deoiling - 
subsequently - about - it cooled to the room temperature after 2-hour sintering 
at each temperature in the vacuum of 2x10-5 Torr, and in a 1060-1 130-degree C 
temperature requirement. After performing heat treatment of 900 degree-Cx 2 
hours, and 500 degree-Cx 1 hour to each obtained sintered compact once each 
in an inert gas ambient atmosphere, it cooled to the room temperature and the R- 
T-B system sintering mold permanent magnet was obtained. The result of having 
measured magnetic properties in 20 degrees C is shown in drawing 3 . When 
sintering temperature was made into 1070-1 120 degrees C so that clearly from 
drawing 3 , magnetic properties desirable as a permanent magnet were acquired. 
When especially sintering temperature was made into 1 100 degrees C, (BH) max 



of iHc of Br of 12.7kG(s) and 25.5kOe and 38.8MGOe(s) was obtained, when it 
considered as 1 1 10 degrees C, (BH) max of iHc of Br of 12.7kG(s) and 25.3kOe 
and 38.6MGOe(s) was obtained, and Br and (BH) max were high. 
[0065] When the presentation of a typical permanent magnet was analyzed 
among said permanent magnets, principal components were Nd6.00%, B:0.97%, 
Nb:0.29%, aluminum:0.10%, Co:2.00%, Ga:0.08%, Cu:0.10%, and Remainder 
Fe in weight percent, and impurities were 0:0.16%, N:0.05%, and C:0.07%. : 
19.14%, Pr: 5.34%, Dy : 

[0066] The concentration of the heavy-rare-earth element (Dy) in the inside 
(almost core) of the main phase crystal grain (R2T14B) and a grain boundary 
phase was measured like [ organization / of said permanent magnet produced on 
the sintering temperature of 1 1 00 degrees C, and 1 1 1 0-degree C conditions / 
cross-section ] the below-mentioned example 7. Consequently, it turned out that 
it consists of the first main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) more expensive the R2T14B type main phase crystal 
grain than a grain boundary phase, the second main phase crystal grain with the 
concentration of a heavy-rare-earth element (Dy) lower than a grain boundary 
phase, and the third main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) almost equal to a grain boundary phase. [0067] Coarse 
powder was obtained like the example 1 except having used the ingot alloy I 
which has the principal component presentation of example of comparison 3 
table 6. When the presentation of this coarse powder was analyzed, principal 
components were Nd:6.00%, B:0.97%, Nb:0.29%, aluminum:0.10%, Co:2.00%, 
Ga:0.08%, Cu:0.10%, and Remainder: Fe in weight percent, and impurities were 
0:0.12%, N:0.01%, and C:0.01%. : 19.14%, Pr: 5.34%, Dy 
[0068] 
[Table 6] 
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[0069] Pulverizing (mean particle diameter of 4.2 micrometers), slurrying, and 



shaping among a field were performed like the example 1 except having used 
this coarse powder. To the acquired Plastic solid, deoiling, sintering, and heat 
treatment were performed on an example 3 and these conditions, and the 
sintering mold permanent magnet of the example of a comparison by the single 
method was obtained. When the presentation of this magnet was analyzed, 
principal components were Nd:6.00%, B:0.97%, Nb:0.29%, aluminum:0.10%, 
Co:2.00%, Ga:0.08%, Cu:0.10%, and Remainder: Fe in weight percent, and 
impurities were 0:0.14%, N:0.04%, and C:0.06%. : 19.14%, Pr: 5.34%, Dy 
[0070] The result of having measured magnetic properties at 20 degrees C is 
shown in drawing 3 . Although the level of iHc was as high as 25kOe(s) order so 
that clearly from drawing 3 , Br was 12.2 or less kGs, (BH) max was 35.7 or less 
MGOes, and it was low compared with the example 3. Moreover, in the cross- 
section organization of the sintered magnet of this example of a comparison, the 
main phase crystal grain with the concentration of a heavy-rare-earth element 
(Dy) higher than a grain boundary phase was not observed. [0071] Coarse 
grinding of the ingot alloy J which has the principal component presentation of 
example of comparison 4 table 7, and the ingot alloy K was carried out like the 
example 1 except having used, respectively. 81.8kg of coarse powder of Alloy J 
and 18.2kg of coarse powder of Alloy K were thrown into the V shaped rotary 
mixer, and it mixed, and considered as 100kg mixed coarse powder. When the 
presentation of mixed coarse powder was analyzed, principal components were 
Nd:6.00%, B:0.97%, Nb:0.65%, aluminum:0.10%, Co:2.00%, Ga:0.08%, 
Cu:0.10%, and Remainder: Fe in weight percent, and impurities were 0:0.15%, 
N:0.02%, and C:0.02%. : 19.14%, Pr: 5.34%, Dy 
[0072] 
[Table 7] 
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[0073] Pulverizing (mean particle diameter of 4.1 micrometers), slurrying, and 



shaping among a field were performed like the example 1 except having used 
this coarse powder, the acquired Plastic solid - about - the inside of the vacuum 
of 5x10-1 Torr ~ 200 degrees C - 1 hour -- heating - deoiling - subsequently - 
about -- it cooled to the room temperature after 2-hour sintering in the vacuum of 
2x10-5 Torr at each temperature in a 1060-1 130-degree C temperature 
requirement. After performing heat treatment of 900 degree-Cx 2 hours, and 500 
degree-Cx 1 hour to each obtained sintered compact once each in an inert gas 
ambient atmosphere, it cooled to the room temperature and the sintering mold 
permanent magnet of the example of a comparison by the blending method was 
obtained. The result of having measured magnetic properties in 20 degrees C is 
shown in drawing 3 . When sintering temperature was 1 100 degrees C so that 
clearly from drawing 3 , (BH) max of iHc of Br of 12.1kG(s) and 25.4kOe and 
35.1MGOe(s) was obtained, when sintering temperature was 1 110 degrees C, 
(BH) max of iHc of Br of 12.1kG(s) and 25.2kOe and 35.0MGOe(s) was obtained, 
and Br and (BH) max were low. 

[0074] When the presentation of the sintered magnet of this example of a 
comparison was analyzed, principal components were Nd:19.14%, PrO.97%, 
Nb:0.65%, aluminum:0.10%, Co:2.00%, Ga:0.08%, Cu:0.10%, and Remainder: 
Fe in weight percent, and impurities were 0:0.17%, N:0.06%, and C:0.06%. : 
5.34%, Dy : 6.00%, B : It is thought that the thing with low Br of the sintered 
magnet of this example of a comparison and (BH) max is because the normal 
grain growth at the time of sintering of the main phase crystal grain was 
controlled since Nb content is as high as 0.65%. 

[0075] Coarse grinding of the ingot alloy L which has the principal component 
presentation of example 4 table 8, and the ingot alloy M was carried out like the 
example 1 except having used, respectively. 90.0kg of coarse powder of Alloy L 
and 10.0kg of coarse powder of Alloy H were thrown into the V shaped rotary 
mixer, and it mixed, and considered as 100kg mixed coarse powder. When the 
presentation of mixed coarse powder was analyzed, a principal component is Nd 
at weight percent. : 22.83%, Pr: 6.37%, Dy : 1.30%, B:1.05%, Mo:0.13%, and 



aluminum:0.10%, it was Remainder Fe and impurities were 0:0.15%, N:0.01%, 
and C:0.02%. 
[0076] 
[Table 8] 
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[0077] Pulverizing (mean particle diameter of 4.0 micrometers), slurrying, and 
shaping among a field were performed like the example 1 except having used 
this mixed coarse powder, the acquired Plastic solid -- about -- the inside of the 
vacuum of 5x10-1 Torr ~ 200 degrees C - 1 hour -- heating - deoiling - 
succeedingly - about - it cooled to the after [ 2 hour sintering ] room 
temperature in the vacuum of 2x1 0-5 Torr at each temperature in a 1 050-1 1 00- 
degree C temperature requirement. After performing heat treatment of 900 
degree-Cx 2 hours, and 550 degree-Cx 1 hour to each obtained sintered 
compact once each in an inert gas ambient atmosphere, it cooled to the room 
temperature and the R-T-B system sintering mold permanent magnet was 
obtained. As a result of measuring magnetic properties at 20 degrees C, when 
sintering temperature was 1060-1090 degrees C, magnetic properties desirable 
as a permanent magnet were acquired. When especially sintering temperature 
was 1070 degrees C, (BH) max of iHc of Br of 13.9kG(s) and 15.5kOe and 
46.5MGOe(s) was obtained, when sintering temperature was 1080 degrees C, 
(BH) max of iHc of Br of 14.0kG(s) and 15.3kOe and 47.2MGOe(s) was obtained, 
and Br and (BH) max were high. 

[0078] When the presentation of a typical permanent magnet was analyzed 
among said permanent magnets, principal component presentations were 
NdO.13%, aluminum:0.10%, and Remainder: Fe in weight percent, and impurities 
were 0:0.18%, N:0.06%, and C:0.08%. : 22.83%, Pr: 6.37%, Dy : 1.30%, B: 
1.05%, Mo : 

[0079] The concentration of the heavy-rare-earth element (Dy) in the inside 



(almost core) of the main phase crystal grain (R2T14B) and a grain boundary 
phase was measured like [ organization / of said permanent magnet produced on 
the sintering temperature of 1070 degrees C, and 1080-degree C conditions / 
cross-section ] the below-mentioned example 7. Consequently, it turned out that 
it consists of the first main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) more expensive the R2T14B type main phase crystal 
grain than a grain boundary phase, the second main phase crystal grain with the 
concentration of a heavy-rare-earth element (Dy) lower than a grain boundary 
phase, and the third main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) almost equal to a grain boundary phase. [0080] Coarse 
grinding of the ingot alloy N which has the principal component presentation of 
example 5 table 9, and the ingot alloy O was carried out like the example 1 
except having used, respectively. 80.0kg of coarse powder of Alloy N and 20.0kg 
of coarse powder of Alloy O were thrown into the V shaped rotary mixer, and it 
mixed, and considered as 100kg coarse powder. When the presentation of mixed 
coarse powder was analyzed, principal components were Nd:0.20%, 
aluminum:0.1%, Co:2.5%, Cu:0.15%, Ga:0.15%, and Remainder: Fe in weight 
percent, and impurities were 0:0.15%, N:0.02%, and C:0.02%. : 26.2%, Dy : 
5.8%, B: 0.95%, Nb 
[0081] 
[Table 9] 
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[0082] The oxygen density carried out jet mill grinding in nitrogen-gas- 
atmosphere mind 500 ppm or less (volume ratio), and used mixed coarse powder 
as fines with a mean particle diameter of 4.2 micrometers. Dry type compression 
molding of these fines was carried out on condition that magnetic-field-strength 
10kOe and moulding pressure 1.5 ton/cm2. The acquired Plastic solid was 
cooled to the after [ 2 hour sintering ] room temperature in the vacuum of 



abbreviation 3x10-5 Torr at each temperature in a 1040-1 100-degree C 
temperature requirement. 

[0083] After performing heat treatment of 900 degree-Cx 3 hours, and 480 
degree-Cx 1 hour to each obtained sintered compact once each in an inert gas 
ambient atmosphere, it cooled to the room temperature and the R-T-B system 
sintering mold permanent magnet was obtained. When magnetic properties were 
measured at 20 degrees C, and sintering temperature was made into 1050-1090 
degrees C, magnetic properties desirable as a permanent magnet were acquired. 
When especially sintering temperature was 1070 degrees C, (BH) max of iHc of 
Br of 12.5kG(s) and 24.5kOe and 37.5MGOe(s) was obtained, when sintering 
temperature was 1080 degrees C, (BH) max of iHc of Br of 12.5kG(s) and 
24.2kOe and 37.4MGOe(s) was obtained, and Br and (BH) max were high. When 
said permanent magnet was analyzed, principal components were NdO.20%, 
aluminum:0.1%, Co:2.5%, Cu:0.15%, Ga:0.15%, and Remainder: Fe in weight 
percent, and impurities were 0:0.38%, N:0.03%, and C:0.05%. : 26.2%, Dy : 
5.8%, B: 0.95%, Nb : 

[0084] The concentration of the heavy-rare-earth element (Dy) in the inside 
(almost core) of the main phase crystal grain (R2T14B) and a grain boundary 
phase was measured like [ organization / of said sintered magnet / whose 
sintering temperature is 1070 degrees C and 1080 degrees C / cross-section ] 
the below-mentioned example 7. Consequently, it turned out that it consists of 
the first main phase crystal grain with the concentration of a heavy-rare-earth 
element (Dy) more expensive the R2T14B type main phase crystal grain than a 
grain boundary phase, the second main phase crystal grain with the 
concentration of a heavy-rare-earth element (Dy) lower than a grain boundary 
phase, and the third main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) almost equal to a grain boundary phase. [0085] Coarse 
grinding of the ingot alloy P which has the principal component presentation of 
example 6 table 10, and the ingot alloy Q was carried out like the example 1 
except ************** go.Okg of coarse powder of Alloy P and 10.0kg of coarse 



powder of Alloy Q were thrown into the V shaped rotary mixer, and it mixed, and 
considered as 100kg mixed coarse powder. When the presentation of mixed 
coarse powder was analyzed, principal components were Nd:0.18%, 
aluminum:0.05%, Ga:0.17%, and Remainder: Fe in weight percent, and 
impurities were 0:0.15%, N:0.01%, and C:0.01%. : 20.6%, Pr: 8.8%, Dy : 2.6%, 
B: 1.06%, W 
[0086] 
[Table 10] 
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[0087] The oxygen density carried out jet mill grinding in nitrogen-gas- 
atmosphere mind 500 ppm or less (volume ratio), and used mixed coarse powder 
as fines with a mean particle diameter of 4.2 micrometers. Dry type compression 
molding of these fines was carried out on condition that magnetic-field-strength 
10kOe and moulding pressure 1.5 ton/cm2. The acquired Plastic solid was 
cooled to the room temperature after 2-hour sintering in the vacuum of 
abbreviation 3x10-5 Torr at each temperature in a 1040-1 100-degree C 
temperature requirement. 

[0088] After performing heat treatment of 900 degree-Cx 3 hours, and 550 
degree-Cx 1 hour to each obtained sintered compact once each in an inert gas 
ambient atmosphere, it cooled to the room temperature, and the R-T-B system 
sintering mold permanent magnet was obtained. When magnetic properties were 
measured at 20 degrees C, and sintering temperature was made into 1050-1090 
degrees C, magnetic properties desirable as a permanent magnet were acquired. 
When especially sintering temperature was 1070 degrees C, (BH) max of iHc of 
Br of 13.2kG(s) and 19.5kOe and 41.8MGOe(s) was obtained, when sintering 
temperature was 1080 degrees C, (BH) max of iHc of Br of 13.2kG(s) and 
19.3kOe and 41.7MGOe(s) was obtained, and Br and (BH) max were high. 
[0089] When the presentation of a typical permanent magnet was analyzed 



among said permanent magnets, it was Nd:0.18%, aluminum:0.05%, Ga:0.17%, 
and Remainder: Fe in weight percent, and impurities were 0:0.50%, N:0.02%, 
and C:0.06%. : 20.6%, Pr: 8.8%, Dy : 2.6%, B: 1.06%, W 
[0090] The concentration of the heavy-rare-earth element (Dy) in the inside 
(almost core) of the main phase crystal grain (R2T14B) and a grain boundary 
phase was measured like [ organization / of said permanent magnet produced on 
the sintering temperature of 1070 degrees C, and 1080-degree C conditions / 
cross-section ] the below-mentioned example 7. Consequently, it turned out that 
it consists of the first main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) more expensive the R2T14B type main phase crystal 
grain than a grain boundary phase, the second main phase crystal grain with the 
concentration of a heavy-rare-earth element (Dy) lower than a grain boundary 
phase, and the third main phase crystal grain with the concentration of a heavy- 
rare-earth element (Dy) almost equal to a grain boundary phase. [0091] Coarse 
grinding of the ingot alloy R which has the principal component presentation of 
example 7 table 1 1 , and the ingot alloy S was carried out like the example 1 
except having used respectively. 90.0kg of coarse powder of Alloy R and 10.0kg 
of coarse powder of Alloy S were thrown into the V shaped rotary mixer, and it 
mixed, and considered as 100kg mixed coarse powder. Remainder: When the 
presentation of mixed coarse powder was analyzed, in weight percent, Nd1.03%, 
aluminum:0.08%, Co:2.00%, Ga:0.08%, and Cu:0.1%, the principal component 
was Fe and were 0:0.14%, N:0.02%, and C:0.02%. : 21.38%, Pr: 7.12%, Dy : 
1.50%, B : 
[0092] 
[Table 11] 
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[0093] The oxygen density carried out jet mill grinding in nitrogen-gas- 
atmosphere mind 10 ppm or less (volume ratio), and used mixed coarse powder 



as fines with a mean particle diameter of 4.2 micrometers. The obtained fines 
were collected in nitrogen-gas-atmosphere mind in direct mineral oil (the 
Idemitsu Kosan make, trade name:ldemitsu super sol PA-30), without making 
atmospheric air touched. The obtained slurry was pressed by magnetic-field- 
strength 10kOeand moulding pressure 1.0ton/cm2. In the vacuum of 
abbreviation 5x10-1 Torr, the acquired Plastic solid was heated for 1 hour, and 
was deoiled at 200 degrees C, and it cooled to the room temperature after 2-hour 
sintering in the vacuum of abbreviation 3x10-5 Torr at each temperature in a 
1040-1 100-degree C temperature requirement. 

[0094] After performing heat treatment of 900 degree-Cx 2 hours, and 480 
degree-Cx 1 hour to each sintered compact once each in an inert gas ambient 
atmosphere, it cooled to the room temperature and the R-T-B system sintering 
mold permanent magnet was produced. When magnetic properties were 
measured at 20 degrees C, and sintering temperature was 1060-1090 degrees C, 
magnetic properties desirable as a permanent magnet were acquired. When 
especially sintering temperature was 1070 degrees C, (BH) max of iHc of Br of 
13.9kG(s) and 15kOe and 46.5MGOe(s) was obtained, when sintering 
temperature was 1080 degrees C, (BH) max of iHc of Br of 14.0kG(s) and 
14.8kOe and 47.2MGOe(s) was obtained, and Br and (BH) max were high. 
[0095] When the typical sintered magnet was analyzed among said sintered 
magnets, principal components were Nd1.50%, B:1.03%, aluminum:0.08%, 
Co:2.00%, Ga:0.08%, Cu:0.1%, and Remainder: Fe in weight percent, and 
impurities were 0:0.16%, N:0.06%, and C:0.06%. : 21.38%, Pr: 7.12%, Dy : 
[0096] The typical cross-section organization of a sintered magnet was analyzed 
on condition that the following using EPMA (the product made from Electron 
Probe Micro-Analyzer;JEOL, form JXA-8800) among said sintered magnets. 
Acceleration voltage: The rectangle range, [0097] which are 0.12micrometer and 
area:0.12micrometerx400 point =48micrometer of field analysis : 15kV, sample 
absorption current: Abbreviation 4x10-8A, X-ray incorporation time amount per 
one analysis point (gate time) : 10msec, the number of analysis points: Both the 



direction of length (X) and the direction of width (Y) are spacing of each analysis 
point of 400 points, X, and the direction of Y. By extracting a beam to the 
minimum spot and irradiating it on the above-mentioned conditions, 
concentration distribution of Dy, Nd, and Pr was measured. The analysing crystal 
used for analysis of Dy, Nd, and Pr was a high sensitivity type ****-ized lithium 
(LiF). The crystalline structure of the R-T-B system sintering mold permanent 
magnet of this example is roughly shown in drawing 4 . The crystalline structure 
has the R2T14B type main phase crystal grain 1 and the grain boundary phase 2, 
and a black field shows 3 important 2' of a grain boundary phase. Moreover, the 
concentration distribution of Dy in the crystalline structure of drawing 4 is shown 
in drawing 5 , concentration distribution of Nd is shown in drawing 6 R> 6 (a), and 
concentration distribution of Pr is shown in drawing 6 (b). Although distribution of 
Nd, Dy, and Pr was substantially accepted with 3 importance in the grain 
boundary phase so that clearly from drawing 5 , drawing 6 R> 6 (a), and (b), Nd, 
Dy, and Pr are not necessarily distributed only over 3 importance, and this is 
because a grain boundary phase is very thin, so there are very few amounts of 
distribution of Nd, Dy, and Pr except 3 importance. 

[0098] In drawing 4 , R (Nd, Dy, Pr) rich phase forms 3 importance of a grain- 
boundary phase. Drawing 6 (a) and (b) show that Nd and Pr exist in homotopic 
mostly. Moreover, although Dy existed also in the field of the almost same grain 
boundary phase as Nd and Prfrom drawing 5 , drawing 6 (a), and (b), it turned 
out that it may exist in high concentration also in the part in the R2T14B type 
main phase crystal grain which separated 1.0 micrometers or more from the 
grain boundary (core part). 

[0099] These observation results showed that there was a pattern of three kinds 
of Dy concentration distribution about Dy concentration distribution which 
reaches the core in the main phase crystal grain from a grain boundary phase. 
By the first pattern, the core part in the main phase crystal grain has Dy 
concentration higher than a grain boundary phase. By the second pattern, Dy 
concentration of a grain boundary phase is high, and Dy concentration of the 



core part in the main phase crystal grain is low. Dy concentration distribution 
from a grain boundary phase to [ the third pattern ] the core of the main phase 
crystal grain is almost uniform. In drawing 5 , the number of the third main phase 
crystal grain which the number of the first main phase crystal grain with higher 
core part [ in the main phase crystal grain ] Dy concentration is six, and the 
number of the second main phase crystal grain with low Dy concentration is 15, 
and has [ phase / grain boundary ] Dy concentration almost equal to a grain 
boundary phase from a grain boundary phase was 19. in addition, drawing 5 , 
drawing 6 (a), and (b) - setting - Dy and Nd - and - When evaluating 
concentration distribution of Pr, the effect of the void formed in the creation time 
of the sample for microscope observation was taken into consideration. Moreover, 
it is not necessary to pass over drawing 4 , drawing 5 and drawing 6 (a), and (b) 
to an example of a cross-section organization but, and they need to average the 
data for which the cross-section organization in many visual fields was asked for 
determining concentration distribution of Dy. Thus, the R-T-B system sintering 
mold permanent magnet of this invention has characteristic Dy concentration 
distribution in the main phase crystal grain and a grain boundary phase. 
[0100] The particle size distribution of the main phase crystal grain of a typical 
thing is shown in drawing 7 among said permanent magnets. The axis of 
abscissa of drawing 7 shows the size range of the main phase crystal grain, for 
example, "9-10 micrometers" means that the size range of the main phase 
crystal grain is "9 micrometers or more less than 10 micrometers." Using the 
optical microscope (form UFX-II, NIKON Make), the particle size of the main 
phase crystal grain took the photograph (one 1000 times the scale factor of this) 
of the cross section of the arbitration of a permanent magnet, and carried out the 
image processing of this cross-section photograph with the image-processing 
software (Image Pro.Plus (DOS/V)) by the PURANE TRON company. The cross- 
section configuration of each **** crystal grain was further assumed to be a circle 
by having set to Si area of each **** crystal grain of the arbitration measured by 
the image processing, and each diameter di of**** crystal grain was defined as 



one (4x Si/pi) half. The rate of distribution of an axis of ordinate (%) shows the 
ratio [(TN/T) x100%] of the number TN of the main phase crystal grain in each 
particle-size within the limits to the total T of the main phase crystal grain in the 
measured visual field. 

[0101] In the permanent magnet of this invention, the rate of distribution of the 
main phase crystal grain with a particle size of less than 2 micrometers was 0%, 
and the rate of distribution of the main phase crystal grain 16 micrometers or 
more was 5.8% so that clearly from drawing 7 . As a result of inquiring 
furthermore, the rate of distribution of the main phase crystal grain with a particle 
size of less than 2 micrometers was less than 5%, and when the rate of 
distribution of the main phase crystal grain 16 micrometers or more was 10% or 
less, it turned out that magnetic properties desirable as a permanent magnet are 
realizable, further -- the rate of distribution of the main phase crystal grain with a 
particle size of less than 2 micrometers ~ 3% or less -- and the rate of distribution 
of the main phase crystal grain 16 micrometers or more is 8% or less - more -- 
desirable - the rate of distribution of the main phase crystal grain with a particle 
size of less than 2 micrometers -- 0% - and it turned out that it is desirable that 
the rate of distribution of the main phase crystal grain 16 micrometers or more is 
especially 6% or less. In addition, said main phase particle size distribution can 
be realized even when Nb content is 0.01 - 0.6%. 

[0102] Coarse grinding was carried out like the example 7 except having used 
the ingot alloy T which has the principal component presentation of example of 
comparison 5 table 12. When the presentation of coarse powder was analyzed, 
principal components were Nd:1.50%, B:1.03%, Nb:0.70%, aluminum:0.08%, 
Co:2.00%, Ga:0.08%, Cu:0.1%, and Remainder: Fe in weight percent, and 
impurities were 0:0.15%, N:0.01%, and C:0.02%. : 21.38%, Pr: 7.12%, Dy 
[0103] 
[Table 12] 
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[0104] Using this coarse powder, like the example 7, pulverizing (mean particle 
diameter of 4.1 micrometers), slurrying, shaping among a field, deoiling, sintering, 
and heat treatment were performed, and the sintering mold permanent magnet of 
the example of a comparison by the single method was obtained. When the 
presentation of this sintered magnet was analyzed, principal components were 
Nd1.03%, Nb:0.70%, aluminum:0.08%, Co:2.00%, Ga:0.08%, Cu:0.1%, and 
Remainder: Fe in weight percent, and impurities were 0:0.17%, N:0.05%, and 
C:0.07%. : 21.38%, Pr:7.12%, Dy : 1.50%, B : 

[0105] Although the level of iHc was as high as 16kOe(s) order as a result of 
measuring magnetic properties in 20 degrees C, Br(s) were 13.5 or less kGs and 
less than [ (BH) max44.0MGOe ], and were low compared with the example 7. 
[0106] Drawing 8 shows the cross-section organization of this sintered magnet 
roughly. Three in the crystalline structure shows a void and other numbers are 
the same as drawing 4 . It was checked from drawing 8 Dy concentration 
distribution almost uniform from a grain boundary phase to the core of the main 
phase crystal grain and that Dy concentration of a grain boundary phase is high, 
and two patterns of the distribution with almost low Dy concentration of a core in 
the main phase crystal grain exist. The number of the main phase crystal grain 
which has the almost same Dy concentration distribution as a grain boundary 
phase was 31, and that of the main phase crystal grain with Dy concentration 
lower than a grain boundary phase was 15. However, the distribution with almost 
high Dy concentration of a core in the main phase crystal grain was not observed 
from a grain boundary phase. 

[0107] The result of having evaluated the diameter distribution of the main phase 
crystal grain of the sintered magnet of this example of a comparison like the 
example 7 is shown in drawing 9 . In this sintered magnet, the rate of distribution 
of the with a 1 -micrometer or more particle size [ less than 2 micrometer ] main 
phase crystal grain is 12.5%, and, on the whole, the diameter distribution of the 
main phase crystal grain has shifted to the diameter side of a granule greatly 
compared with distribution of drawing 7 , and the main phase crystal grain has 



not carried out grain growth enough so that clearly from drawing 9 R> 9. For this 
reason, it is judged compared with an example 7 that Br and (BH) max are low. 
[0108] Although the above-mentioned example indicated the case where a 
heavy-rare-earth element was Dy, also in Tb or Ho, the R-T-B system sintering 
mold permanent magnet which has the main phase crystal grain with the 
concentration of Tb or Ho higher than a grain boundary phase in a core part 
almost like the case of Dy, and has high Br and high (BH) max like the above- 
mentioned example can be obtained. 

[0109] In the above-mentioned example, with the same R content, and two sorts 
of R-T-B system alloy powder whose principal components of other correspond 
except that only ratios which constitute R element, such as Dy and Nd, differ, 
With the same R content, or and by mixing using two sorts of R-T-B system alloy 
powder whose principal components of other correspond except refractory metal 
elements (Nb etc.) having permuted ratios, such as Dy, Nd, etc. which constitute 
R element, and a part of Fe The R-T-B system sintering mold permanent magnet 
which has the main phase crystal grain which has characteristic Dy concentration 
distribution, and has the suitable diameter distribution of the main phase crystal 
grain for the high application of Br and (BH) max was able to be obtained to 
stability. In this invention, three or more sorts of R-T-B system alloy powder may 
be used as said R-T-B system alloy powder. Moreover, mixing of these R-T-B 
system alloy powder may be performed in a fines phase. 
[0110] Various kinds of surface preparation (nickel plating, electrodeposted 
epoxy resin coating, etc.) can be used for the R-T-B system sintering mold 
permanent magnet of the above-mentioned example suitable for ******** and 
various kinds of applications (actuators, such as a voice coil motor or CD pickup, 
or rotating machine). 
[0111] 

[Effect of the Invention] As explained in full detail above the R-T-B system 
sintering mold permanent magnet of this invention The first R2T14B type main 
phase crystal grain with heavy-rare-earth element concentration (Dy etc.) more 



expensive the R2T14B type main phase crystal grain than a grain boundary 
phase, Since it consists of the second R2T14B type main phase crystal grain 
with heavy-rare-earth element concentration (Dy etc.) lower than a grain 
boundary phase, and the third R2T14B type main phase crystal grain with heavy- 
rare-earth element concentration (Dy etc.) almost equal to a grain boundary 
phase While having the R-T-B system sintering mold permanent magnet 
obtained by the single method, and iHc high to the same extent, it has higher Br 
and higher (BH) max. Therefore, the R-T-B system sintering mold permanent 
magnet of this invention can be used suitable for the application as which high Br 
and high (BH) max are required. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between sintering 
temperature and magnetic properties (Br, iHc) about the R-T-B system sintering 
mold permanent magnet of an example 1 and the example 1 of a comparison. 
[Drawing 2] It is the graph which shows the relation between sintering 
temperature and magnetic properties (Br, iHc) about the R-T-B system sintering 



mold permanent magnet of an example 2 and the example 2 of a comparison. 
[Drawing 3] It is the graph which shows the relation between sintering 
temperature and magnetic properties (Br, iHc) about the R-T-B system sintering 
mold permanent magnet of an example 3 and the examples 3 and 4 of a 
comparison. 

[Drawing 4] It is the schematic diagram showing the crystalline structure of the R- 
T-B system sintering mold permanent magnet of an example 7. 
[Drawing 5] It is the EPMA photograph in which the concentration distribution of 
Dy in the crystalline structure of the R-T-B system sintering mold permanent 
magnet of an example 7 is shown. 

[Drawing 6] Concentration distribution of the heavy-rare-earth element in the 
crystalline structure of the R-T-B system sintering mold permanent magnet of an 
example 7 is shown, (a) is an EPMA photograph in which the concentration 
distribution of Nd in the crystalline structure is shown, and (d) is an EPMA 
photograph in which concentration distribution of Pr in the crystalline structure is 
shown. 

[Drawing 7] It is the graph which shows the particle size distribution of the main 
phase crystal grain in the R-T-B system sintering mold permanent magnet of an 
example 7. 

[Drawing 8] It is the schematic diagram showing the crystalline structure of the R- 
T-B system sintering mold permanent magnet of the example 5 of a comparison. 
[Drawing 9] It is the graph which shows the particle size distribution of the main 
phase crystal grain in the R-T-B system sintering mold permanent magnet of the 
example 5 of a comparison. 
[Description of Notations] 

1 ... The R2T14B type main phase crystal grain 

2 ... Grain boundary phase 
2' ... Triple point 

3 ... Void 
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i , Zr&tfflf s&» 1 jKffut^5r < 1 1 — g« 
T^TfcS. ) . agP^S^JtTS^nJiiW^M^^^ 

[0010] *m%Di3-£ L^mcomtimfcx. & r-t-b 

^MfeM*A?15(4. fi*T3^*T"R: 28-33%. B: 0. 
5—2%. Mi: 0.01—0.6% (M^iNb, Mo, W, V, Ta, C 
r, Ti, Zr&Wfipt>%mfrt>Witit:&%<ki>- 
mcOjmX'hh, ) . M 2 : 0.01-0.3% (M 2 (4A1, GaR 
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[ooii] JfWmz ^zfft L^HiSMtiSR-T- 

B^MSStK ASSffiii , ai»'31%^i T33 

Bin. o. \5%m?)m.m, o.m%m?mm, mxo.3 

[0012] *|£HJ^$ ^ £ U«ICJ;SE-T- 

fr^T^mm^mfytLxo.25%m : comm. 0.15 

[0013] *^BJ^R-T-B^MSa*A«5(i:. $U 

g#±ffi7C3l (Nd, Pr^) WJt^M^rl.I^Hiffll^ 
H«CW t [5] 1 2 TOh^^Sl^ L , Eg^*J5Jt 

mmm/mmm^\ ix^x^zmtxmmm 

a^an RxmmL^mz&im^mjtm (Dy 
so ^iftK^tiwfc, s#±Stcs (Dy^) <vmm 

jtm (Dy^) wftBbwisfieiffflj: offi^R 2 T 14 Bs±ffi 

[0014] ;o J; -5 &4£fS#«£ ^tSR-T-B^ 
tf(BH)max£?ft&. ;ftfcfi#±?S7Cffi (DytfO <Ojg 
±ffilS H B H S^'ftV^BrtO||^t^L, S#±^7CS (Dy 

30 il^'l£ H H H S^ffli: Offiv^R 2 T H BS±ffllS H a H Sj&^ 
y ^ J£ £ iS v ^ i He ^SJl t L X u £ t O b ft 

[0 0 15] 

[^onffi^ff^jj til R-i-B&mmikAmG 

(a)±^ 

*^HflOR-T-B^MISM7T<AE5^IM« . fiMW** 
T"R 28-33%. B 0.5~2%Mm>£>&l>±J&fri:^<»r 
3ieWlfflt^t^l» 0 ^Offit, 3£J&ftfcLT. 0.01 
-M).6liM%<7)M 1 (Nb, Mo, W, V, Ta, Cr, Ti , ZrRlfH 
ffr$>%imfr$>W£tit:'J?%:< t h-mcojtm) RV 
/X(i0.01-0.3S*%tOM 2 (Al, Ga&tfCuA»6$r£1ff 



[0016] (1) R76IS 

R7cS(iY^-g-tf^< t h-m^±mitmxh->x . 

Dy, Tbat/Ho*»644S* 1 6jltrflX:^< t 

» (Y£Mf ) t LT(±. Nd. Pr. La. Sm. Ce. Eu. G 
d. Er. Tin. Yb. biSWifim? t>tl& . #±ffiy»fc 

[0017] RO^r*«28-33fiM%T"S>l> 0 R^^f 

[0018] mm±Wjm(T)^mi, o.2-isa*% 

o.2fiM%*}iTS>s t . ^im*em%±mmo^ 
miz i i> Km^ttto ipj_t^a^-HJ-r»s> 5 . a fcs 

#±®7t«tO^*'*^15Si%&@i. !> t , R-T-B^^ 
J^cAffi^Brat/ (BH) max(i±^ < ffiT^S . ± 0 

o 

[0019] (2) B 

BCO-^-* *iiO . 5- 2 h . BCD** JIj^O . 5S* 

t* 0 . t 2 * jg i S t Br^ffiT^fl^rt* 

o 

[0020] (3) Ttc# 

T7uS(4Fe^X(±Fe + Cot-fcSo Co^jaSjDti DMIS 

m*xmPE?m&m^mztii bbh^z, y - * 
mmmmiz^m%ve-cofflmmzti. Bet ih c ^ 

Co^i^'0.5Si%*ST"(±WAtt<7)E5# 

Jnt-S^-, Co#*i^o.5-5Si%fct-|>to^fa 

[00 2 1 ] (4) MjTU^ 
MiiiNb, Mo, W, V, Ta, Cr, Ti, Zr&tfflf t> % I Mfr 

t>wi$titz'j?%< b i>-m?mm£Mjimxfo6» ^ 
jm^mzx ffi&mizt5^xwiti±m7iM (Dy 
^ ) mmz x^x^.th ±m$£&mmm(7Mmm 
x. t>tc. isyyiimiizfcYimv^c^fcLxnh z. t 

ioT. M l7 «^W*«JiRg(i0.6ai%T"fcl> o - 
MiTC^^^M^O. 01fii%*ii5|T-(±+*^?MnSj 
S*^^^^. 8!-jt, MiTcHo^Mao.Ol-O. 

[00 22 ] (5) M 2 tu^ 
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[0 0 23] MffMMffifatZ X ^TR-T-B^MIMtKA 

0 . 3Si% £ m I h t Br ff± % < ffiTf 5 OTA1 
(±0.3fi*%Ii[Tfc^l> o Al#1fM^0.01fiM% 

[00 24] GaOMMiiSnt J; 0R-T-B^^SS7>cAiS 

%£ £g X. l> i: Bn&*;MgfcffiTr £ «TGa^*(iO. 3fi 
m%£XVt-f& . £ 3tO.OlSft%5feHTJiiHc«OSlft* 

[0 0 2 5] Cu<7)«a*maiI(±SE*S^B^tt«iS#i:iH 
c<0|ftj±fc:3f3!rC£>l>. L^LAl&VGatlHl®. Cu-^f 
4j&*0 . 3Si% £ j@ £ R-T-B^MSS* Ai&BOBr # 

^ustffiT L . a fco. oi%*iHr(±H^ttwax#arxiH 

[0 0 26] ULhCOilO . M 2 7CS<?5#*4{i, Al , GaX 
(±CuO V vf fl 1 0 . 01-0 . 3fi*% -th . 

[0027] (b) ^mmtm 
yfnfmm^mt is*, nas, a*, hdv^ 
t>tii . ^im^±m7tm^is^mmtph 

wimfm^wjtm (go tjitel, «vvtfl&<9±js# 

AMt^fflsrat i Off 
SLfc*£i:, LTiiA-fS. 
[00 28] K*O#**(i0.6SM%OTT'$)l.<7)j& i 
iJ t L < , M^-ir^MtiO. l5S*%iaTC*4<z>## 

i t< , a*^^r*(±o.i5S*%i3iTts>i.^3& t #i 

5 k . R-T-B^MISS7l<Aa5oEM#'l4(iffiT^-& . 
J; Off £ U^3g6W»^#**fc LTii, 
0.25Si%lilTT"l) 0 . kS^'O. 15S*%OTTfe 0 s 
S3l^0.03fiM%iilTT'-fel.o ^dffS U^REKKPF 
ffl^O^fcttt, M«^'0.05-0.25fii%T-|)0, M« 
j&%01— 0.03%-£'fe 0 . S»M).02— 0. 15%X'fo& . 
[0029] 5r^nT)8fl<Pf*fiife*^^rf 5R-T- 

B^»m«50ffiE£Oft#;Mt LTJ±. OT<0*. 

[0 0 3 0] (i) fiMH^*TW31%^SiT33%lil 
TT'fcD. Bt3l^'0.6%IilTT"fe 1 9. It» . 15%£IT 
0 . 03%lilTT'<fc 0 . Ca#0. 3%filTC* 

SfflfiK. MifcfSbSJSffi^Sfflfc: i 0 . §3l£0.25- 
0.6%. mH£0.01-0.15%. S36£0. 005-0.03% t-t 

s i t h . 

[0 0 3 1 ] (ii) fi*W^x*TW28-31%T"fe 0 . It 

*#o. 25%jaTc* o . #»*o. i5%jaTt* o . an 

^'0.15%mTT'*0, CajW).3%fiTFC2bSfij£. Mx 
H'^fiScff^^Sffl^i 0, St* £0. 05-0. 25SM%. 
li^O. 01-0. 15%. S5S£0. 02-0. 15%lZ~fl Z btf 



[0032] (B) fflU 

*^0JOR-T-B^^S7l<A«5O$g H B H ffla(iR 2 Ti 4 BS 
±ffl|g H B H e t SNI&#ffl L . ml ER 2 Ti 4 BS±ffll£ H B H 

< fc «, . ( i ) mm±mm^mmm^mm 

& D^^-OR 2 T 14 BM±ffllS H H B &fc . (ii)fi#±S? 

(i i i ) m^±m7tm^mm^mm t mmi^m 

H^±ffl|g H B H SSr^* LT tin. ^ ^ T"R 2 ^ 4 BS±ffi 
fe B B H &tfc it !> fi#±ffi7t^lS(±R 2 Ti 4 BS±ffl^ 
©<7>(i(Jtt"C"a5 (ESP) ^V^TilSL^t^T-fcD. 
R 2 Tj 4 Bgaa£ffllS H H H etO^ t I2&m.ftfr t>1.0um& 

iiU* TbS.y'/X«Ho . X« m ^ Dy fc ^M^* 

[00 33 ] JliJL^|£ H B Hffl^Kffi¥*tfcV^TR 2 T 

1 4 m^m&s&emm&z 100% t ix , m-m 2 i u b 
s±fflis H a H e^fflato^tti-35%-c'S) o . m~m 2 i 
i4BM±fflis H B H e^fflatoib${i3-55%t-i> o , 

R 2 Tj 4 Bgy±ffiS B B B g^ffli;^ib*{±96-10%f* S 

»i LV\ H mH0R 2 T 14 BS±ffilS H H H ScO«Oit 

^j& i _hfBlEH7 T hTl).S. , R-T-B^^ISST^A^iift 

C7)R 2 Ti 4 BS±ffilS B a B S^«^ib**nO-45%ffe 
0 . ^H^R 2 T 1 4BM±ffilS H 3 B fe^ffl^^ib*^87-25% 

[0034] [2] M5t*S 

_hiBf!fii!£ ^^^BilOR-T-B^MISMTkAll^ ^ffi 

S 2 Sm^OR-T-B^^^f^lT £ V !> 7" 
U^H^^ffl-fS. #R-T-B^^#^*^ 

t-tS. Mi.ifNd+Dy<7)*|^, f^oHJIM l t^-f i 
-*^#^*^29.0%Nd + 1.0»yfc L. ffi*^ 
15 . 07M + 15. O^Dy t -f h . RTCSiil^hOTCS 

AW 

[0035] mx.t£izmi<^mmm^-ri^ 

MM*lz&tf&m^±Micm^n$: 0 -10S*% 

tL. mizco^^mm^zm6mm±m7tmco^R 

^10fi*%g40fi*%tlTfc^l> o Z\<7)%^, 
^*/®^<7)^^*OlS^J:b&fi*T"70/30-95/ 
5t-fS^Wt L< . 80/20-90/10 fc-f 4 CO* 1 i 0 
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-0>&mn t m-o&m* t <om<owmim ( wm 
<m&%% ) <vm.mtf±% < & o . &m&&t>tiw.-i 

mw.<mz (4wd -aw>3$£ (h) orgs*^ 

Mffill^ft ©tt&tf (BH) max^t £»f hipt>X' 

o 

[0 0 36] R-T-Bl^*«|Sftll 

«fc Off o Z. i: § . ,i^«.!f$ 

mnhtzmz^ m.mzwm*ttL%^ (mm-. * 
ftemmmm-f izt &x # a . ass , ^fixt±K 

O'CiilTO t * L < . IM^i^iS^ l lOcSt 

[0037] *min&mGzm£f&t:#>izm-&* 

#H#ifl?2,665, 590t, H#BJftlf£2,745,042^£ 
$J^$ ftT I ^fl«^£ ( X h U >•/ 7* ^ -X b-^A ) 

3 -20// m-pft h . ft V ^Br&lX (BH) max 
T"900-1200°CX 1 M0B#IS;&ll»&g&£ T"ftSlt£±^ 
[00 38] SrfflV^T, mMcomB 



[0039] ^«£O^ISfcitU ^S^^ISffl 
CDMSSfcLT. ?SaiOO— 500°C. KSS10 1 TorriilT 



- 1 TorrOTtO*^®^^* 1 ^ 500°C S T#i&-f 3> Pal 
#«}£K£r WC/^Xf. L<ii5 °C/jWXfb L 

[0040] mzm^im%xmm%*Tmooo~~i2 

So 

[004 1] 

immn mmm wmmmzj: o $ ^ tfwtiti 

[0042] gffi2 1 

t^#BcO»12. lkgt SVSa^fllttSfcALTa^L, 

Z\h. fiMH^*T-±^(4. Nd27.3%. Dy2.7%, Bl. 
0%, NbO.2%, A10.1%, Col.0%, CuO.1%, Si5FeT" 

COO, 0.01fiM%ON, S.t/'0.02S*%^Ct"fc-5^o 
[0043] 







Nd 


Dy 


B 


Nb 


Al 


Go 


Cu 


Fe 


A 


29.0 


1.0 


1.0 


0.2 


0.1 


1.0 


0.1 


mm 


B 


15.0 


15.0 


1.0 


0.2 


0.1 


1.0 


0.1 





[0044] mMti^wmmmmmnoppmttT (w 

nit) wli^'xfK+tyx >y b 

^fc#®M«ET"Eff^fi (ffi^HM (ft) S8. ifp a n 
^ : m^-^-yVL-PA-30) tptZ^Wl. »X7'J 

„ <r c?)»^. ^ u - ^m^xm^mmoeR 

■ Oton/cm^ C0*f+T"^^J±K^ L , # t 
fiMs ^» 5 X 10- 1 TorrO*S4iT200 0 CT" 1 B^eSSI]* 
LTMfif*. ?[#M^^3X10- 5 TorrT4050-1100°C 



<OfflSKHT#^ 2 B^fUMS L , £. X<v& L T MIS 
[0045] #'MIS#;t^Stt^X#HM^T"900 o CX 

2B#r B it5oo°cx mrB^»^ffl^#i@stL^, m 

iAt Xttffl tXR-1-BmmW0M^ntz „ 20°C(; 

fe^TJiM^tt^ ilS Hi 

fc. H1^^ H J^^4:5C mSE^1070-1110°C 

tz. ^tMl^aS^1090°Cfc L3t#^-^13.8kG<7)Br, 18 
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kOeOiHc&tf 45. 9MG0eO (BH) max^'#£,fu ^SSESrl 
100°Cfc L,fc%&£13.8kG<Z)Br, 17.9k0eOiHc , 45.7MG0 
e tO(BH)max^'f#A>il, Br&V'(BH)max^ft^-3^ 0 

[0046] mmimmfiv) o *>wm%mmG<7>s. 

m^mLtzb^^, fi*W#*r±JfcSHiNd: 27.3 
%, Dy: 2.7%, B: 1.0%, Nb: 0.2%, Al : 0.1%, Co: 

1.0%, Cu: 0.1%, mU: FeT"l>0, ^TjSWWBl 
Ji, 0.17%O0, 0.05%<7)N, &t*O.O7%0>Ct&oifc. 

[0047] MfBMISIffiO 3 ^^^MSSffi<7)»r 

ffiiin sr^^niSM 7 1 mmiz ixnm l , ±ffls H B H 
s (r 2 t 14 b) i*i ((star^gp) s.vis B B H s^ffl^fetts 
m^±mitm(M^mmMUz« -e^asa. r 2 t 14 b 

S±ffll£ H B H S£\ S#±^t£S (Dy) ^i^l£ H B H t^ffl 



i 0 v vm-o&mm. t , SfHiiiTcffi (Dy) mM 
[0048] j&Mffl 1 

%) ZfiffiLtztZb. ±j£5MiNd: 27.3%. Dy: 2.7 
%, B: 1.0%, Nb: 0.2%, Al : 0.1%, Co: 1.0%, Cu: 

0.1%, mU: FeX'fo *) , ^IffilttO: 0.13%, N: 0.0 
08%, C: 0.02%X'fo-?tz, 

[0049] 

[H2] 





*M (£S%) 




Nd 


Dy 


B 


Nb 


Al 


Co 


Cu 


Fe 


c 


27.3 


2.7 


1.0 


0.2 


0.1 


1.0 


0.1 





[0050] mmam^xmsmi tmmztxm 

(S4%) S^ffLfcfci^, Nd: 27.3%, 

Dy: 2.7%, B: 1.0%, Nb: 0.2%, Al: 0.1%, Co: 1.0 
%, Cu: 0.1%, M FeXfo*), TMU±, 0: 0.15 
%, N: 0.04%, C: 0.06%T*-3!fc. 

[0 0 5 1 ] 20°Ct*3^Tamff[4^il5gL^feS^H 
l^-fo IHliO, iHc<7)K/mi9k0e|ff^i:S^ 
Br(±13.3kGiilT, (BH)max!i42.5MG0eJilTT-afe 0 . 
USt^J 1 fOBr&V' (BH) max fcJfrVC ffil ^ . 



«Dy^»^ B B B ifWffl iDH ^±ffll£ B B H StiiS?fi$ tl 

[0052] mtwn 

^DOffla94kg i: ^EOlim 6 kg t £ mW&8k 
ALTii^U lOOkgi^a^ffll&fctfc. M^ffl*&^)ffl 
S*wa¥T±j£4HiNd: 22.4 
%, Pr: 8.9%, Dy: 1.2%, B: 1.0%, Al: 0.1%, Ga: 

0.15%, J$M: Fet*0, ^*fi«40: 0.14%, N: 0.0 
1%, C: 0M%Xfo~>tz, 

[0053] 

[^3] 





mm (*a%) 


Nd 


Pr 




B 


Al 


6a 


Fe 


D 


23.2 


9.3 




1.0 


0.1 


0.15 




E 


8.9 


3.6 


20.0 


1.0 


0.1 


0.15 





[0054] m& 



r|g«it^'500ppm (iffiit) VI 

4.1/xm«t Lfc. ;om^fflV^T^?im0k0 

tl£fi!cff#^^3 XIO" 5 Torr^*^, 1040— 1110°C 
WiaS®fflT#« 2B§r H 1MSL/tf^ S&tmfflLT 
SBSitfls 

[0 0 5 5] #MIS#:t^Stt^X||H^4TC'WCX 
3H#Oi:550 o Cx 1 ^^^11^ # 1 S 

xrum lx R-i-Bmmm<xm?Gintz . 2o°cf 

2^t. MIKaS^1050-1100°Cfc tfc*^-fc^.SltE 

t Lxm ummm^m^tii z t tm-ntz* m 

fcMSfiJK^1070 ,> C<7)^fcl3.4kGi?)Br, 16. 3k0et?)iH 
c, SW43.2MG0et?)(BH)max^#^tl. i fc$§&z&g#10 



80°C<7)*|-^tl3.4kG<7)Br, 15. IkOeiOiHc, &V43.3MG0e 
c?) (BH) max^# t ft . BrRt/' (BH) max^'S*^ -o tz 0 

[00 56 ] tfTiaMS£85<7) 5 
Jt^/fL^i:;^. fiiH^T"±^{iNd: 22.4 
%, Pr: 8.9%, Dy: 1.2%, B: 1.0%, Al: 0.1%, Ga: 

0.15%, FeT-feO. ^«i0:0.45%, N:0.02 

%, C:0.07%Xfo-ofz o 

[0057] mitmmu?) o himm^imm^m 



mmm^mmmmm 1 1 mwdz Lx^M^n ( r 2 t 
14 b) i*j am^m) nm^mm^mim^ 
mjtmm^mmmi^ifz. R 2 T 14 BM±ffl 



V ^ 0 R 2 h 4 BS±ffi$g H B H S f: , m^±mjtm (Dy) 
JK^iS B B H&^fflJ: Df£^^i:OR 2 T 14 BM±ffllS B B H &fc . 

fi#±si7c3i (Dy ) ofis^'is B B H&^ffl k mm I \, 
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[0058] amm2 

bZ\h. Nd: 22.4%, Pr: 8.9 



%, Dy: 1.2%, B: 1.0%, Al : 0.1%, Ga: 0.15%, 8 
Sff: FeT'feO. ?*fiWiO: 0.14%, N: 0.01%, C: 0.0 
2%Xfo-r>tz, 

[0059] 

[H4] 





*M (M%) 




Nd 


Pr 


Dy 


B 


Al 


6a 


Fe 


r 


22.4 


8.9 


1.2 


1.0 


0.1 


0.15 





[0060] ^(mm^xmmvi tmmizixm 

±J&iH2Nd: 22.4%, Pr: 8.9%, Dy: 1.2%, B: 1.0 
%, Al: 0.1%, Ga: 0.15%, FeT* 0 , ^RMift 

(20: 0.43%, N: 0.03%, C: 0.06%T"#>-o£ o 
[0 0 6 1 ] 20°CT"?SMf[4^}l5EL^S**ll2 
■f. 02^h^^&J;?C iHcCDK/Wi:llJfiM2 
tJt<T^ft^J&\ Br(il2.9kGlirFT\ (BH)max(240. 

lMGOeiiiT t m^tz , ttzz (DitmmmmEcom 
ffi«t(±, s#±^t£* (Dy) commm^mmx 

"9 « v ^±ffilS H H rfiiiS^§^*^o fc, 



[0062] m&M3 



m 5 nttm&ziit&m&&MRvm&&mt:m 
^fzwmnmmi tmmztxim&Lti. 
G<mmi ■ skgh &m<?mm&. 2kg t zmw&miz®. 
xbxMaL. iookg(DM^mm%tz. m&mm. 
$&mftitztz?>. mMgftm-c^Mftim: 19.14 

%, Pr: 5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29 
%, Al: 0.10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10 
%, M FeT-'fcO. W: 0.14%, N: 0.01%, C: 

0.02%T*ofc. 

[0063] 

[H5] 





*Efi&(%) 


Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


G 


22.29 


6.21 


2.00 


0.97 


0.35 


0.10 


2.00 


0.08 


0.10 


mm 


H 


5.03 


1.47 


24.00 


0.97 




0.10 


2.00 


0.08 


0.10 


mm 



[00 64] znm.ismzmxm&m 1 1 mm^t 
xmm wmm-itim) . xy'j~it. m^i± 

*^4iT2oo o cf' i mmurn txm& l , &we*5j 2 x 1 

0" 5 TorrtO*S4^ 1060M13Q^^ffiHfl<D#iS£ 
f 2 B#r&|MinfjL MS* T'^a L tz . # &*Ufc**IS* 
t^ffift^'XH:gl^4Tr-900 o Cx 2 B^fc 500°Cx 1 B#fSJ 

o^a&# i msfe u^fit M$as x&m ltr-t-b^ 

Jt£ 1070-1 120°Cfc Lfc^fc^cAlIEi: LTjffi 

#(cM^S£llOO°Cfc Ltz^ 
{Z\2. 7kGc?)Br, 25. 5k0e^iHcM/38.8MGOe^(BH)maxj&* 
f#£>*U 1110°Cfc L3t^-tl2.7kGCOBr, 25. 3k0e<7)iHc 
SW38 . 6MG0ec7) (BH) max^'# £>tu Br&tf (BH) max^ft^ 
-ofz. 

[0 0 6 5] mm^xm^co o hmm^Mimfi^m 

i^Dflfci:;^, fi*W#^T±JfciNiNd : 19.14 
%, Pr: 5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29 
%, Al:0.10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10 
%, m^eXfo*). WF«±0:0.16%, N:0.05%, C:0. 



07%X$>^tz* 

[00 66 ] fm£i&&ttO0°CRtfllWCcr>3kftXimi 

isj«^LT±fflig H a H e (r 2 t 14 b) a (dfftfiiii«) 
iz& nim^±mjtm (Dy) ^as^iis l 

tz. *<7>tSli. R 2 T H BM±ffllS H H B &*\ fi#±i?7uS(D 
y)0?i^'l£ H B H e^ffl i 0ftV^-O±ffl$g H H H St , s 

#±^7U« (Dy) «OjaS*5g^#ffl J; 0 imZ. <7)±ffl 
^H B H l4i: . fi#±ffi7U^(Dy) OflS^ B B H&^ffl fc (i(3T 
^ L l ^HcD±ffli£H H H e t ^ t filfig $ llT ^ S CI t ^^r 

[00 67 ] tmM3 

tfcfci*. fi*H**T"±fiSc^a. Nd: 19.14%, Pr: 
5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29%, Al: 0. 

10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10%, S§|i: Fe 

Xfc*). TpffitoHiO: 0.12%, N: 0.01%, C: 0.01%T" 

fo-otz* 
[0068] 
[^6] 
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&&{%) 


Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


I 


19.14 


5.34 


6.00 


0.97 


0.29 


0.10 


2.00 


0.08 


0.10 


®1$ 



[0 0 69] znmmm^Mmmmm 1 1 nm^z 
£?? o ^ . f# <?>nfcjat^«tt^ l , n^j 3 1 m 

Nd: 19.14%, Pr: 

5.34%, Dy: 6.00%, B: 0.97%, Nb: 0.29%, Al: 0. 
10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10%, Fe 
X%K). ^IffijiiO: 0.14%, N: 0.04%, C: 0.06%T 

[0 0 70] 20°CT"«Mf[4^}l5EL/-c^^H3^ 
■f . 133*^8^^36^ i 5 iHcOK;Wi:25kOeMfl: 
fcftV^\ Br{±12.2kGlilT. (BH)maxii35. 7MG0eL.XFT' 



s|£»^M§f§fci^-<% fi#±Sl7C3l (Dy) ?)jftg 
[0 0 7 1 ] }mffl4 

^j^ffl»8i. 8kg > &Mvmms.2kgb zmm-sm 
iz&xixm&L. iookgo^m v fc ut. m&m 

(nm&ftffiLtzt^b. fi*W**T''±^(4. Nd: 
19.14%, Pr: 5.34%, Dy: 6.00%, B:0.97%, Nb: 0.6 
5%, Al: 0.10%, Co: 2.00%, Ga: 0.08%, Cu: 0.10 
%, m&: FetfcO, Mmm: 0.15%, N: 0.02%, 
C: 0.02%T*ofc. 

[0072] 

[*7] 





JBlft(K) 


Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


J 


22.29 


6.21 


2.00 


0.97 


0.80 


0.10 


2.00 


0.08 


0.10 




K 


5.03 


1.47 


24.00 


0.97 




0.10 


2.00 


0.08 


0.10 





[0073] icommm^tziammmmi tmmt 

^flgJE^frofc. ft6*lfc*Kje**ft5 X10" 1 TorrO 
M^X2QQVX 1 HSiaM&L-CIBiiSU ^^*C*J2 XI 
0" 5 Torr^*S^t"1060-1130 o C^?fiJSiEH^^#^)S 

X2mmmm, mmx<$mLtz« n^ntzMft^ 
CTvgtt^'xniim^t-wcx 2B#r H ifc5oorx 1 ^ 

# 1 0^ t T#ai lt , 7'v y 
xmrnmrnmsL Lt$m*m 3 t^-r „ 0 3 ^ bj^ 

^iaC, MIK£ft*ni00°C^i^l2.1kG^Br. 2 
5.4k0eOiHc&V35. lMG0eO(BH)max^'f#£>tU MSSE 
^'1110°CtO^t 12. lkGtOBr s 25 . 2k0e^i Hc&#35. 0MG 
Oec?) (BH) mxff%t>tl. BrSV(BH) max{±ffi#>-? . 
[00 74] ;^Jt*^J^*S^^JS£4rWLfcfc 

S*W^T-±JjSc^(i, Nd:19.14%, Pr: 5.34 
%, Dy: 6.00%, B: 0.97%, Nb: 0.65%, Al : 0.10 



%, Co:2.00%, Ga: 0.08%, Cu: 0.10%, SSP: FeT 

^F«±0:0.17%, N:0.06%, C:0.06%f fco 
tz . £ OJt«»^f§iK^Br&^ (BH) max#ffiU«D 
Ux Nb^M^'0.65%fcS^W\ ±ffl^S^)M^B§ 

[00 7 5 ] Hjftf?ij4 

timffl^^^MiSI^J 1 1 ^Ittt LTffi»# t tz . 
£ifeLOffig)90. 0kg t ^H«3H0.0kgh £V§^H 
fc&ALTiH£U lOOkgO^TOt Lfc. *f^TO 



^fflJSS:*«rL^i:;^. S*TO£T±Ji£#{2. Nd: 
22.83%, Pr: 6.37%, Dy: 1.30%, B:1.05%, Mo:0.13 
%, Al:0.10%, mSPeXS)*). ^»40:0.15%, N: 
0.01%, C:0.02%Xh->fz, 

[0076] 

[ft8] 





fflfiE (I 


Efi%) 


Nd 


Pr 


Dy 


B 


Ho 


Al 


Fe 


L 


23.85 


6.65 




1.05 


0.15 


0.10 




M 


13.68 


3.82 


13.00 


1.05 




0.10 


aw 



[0077] znM&mzm^MMizmmi tm 

WW^^/;, #tti3tfi^*&» 5x10-1 t 

orrO*S^T'200°CT" 1 Sf^Jlife LTMfi t . ?l # M§ 
#t)2 X10" 5 Torrt?)*S^T"1050— HOO'COfSftlEHrt 



2 mmmimm&tx<%mitz „ 

MS#;t^^tt^X||H^^T"900 o C X 2 B§r B 1 fc 550°C X 
fcifeS. MISaS*n060-1090°C^^t7T<Ail5fc t 
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«^{;l3.9kG(7)Br, 15. 5k0eOiHcM/46.5MG0e<7)(BH) 
mxff%t>tl. ll£SSEM080TW*§-£fcl4.0kG<7)Br. 1 
5.3k0eOiHc&V47. 2MG0eO(BH)max^'f#£>fU Br$I/(B 

[00 78] MfE*A®ffi<7) 3 %ftS»&*AlSFE<7)ffl 
j$£##rLfcfc<I6, S*W^T*±j^fM#'Nd: 2 
2.83%, Pr: 6.37%, Dy: 1.30%, B: 1.05%, Mo: 0.1 
3%, Al: 0.10%, St§P: Fetfc 0 . «ltiO: 0.18 
%, N: 0.06%, C: 0.08%T*->fc. 

[0 0 79] MIS^S1070°C. 1080°C(7)*ttTft^ML^ 

»H;L Tiffins (r 2 t 14 b) i*i (titartfr&gis) &rxs 

ASff ffl tfe it l> SMUtcH (Dy) L . 

R 2 Ti 4 BM±ffl^ B B H g*\ S^±ll7C«(Dy)^ 



at . a#±ffi7cs (Dy) ?y : <mmM^mffl t imm i 
[0080 ] mmms 

ft wbi itzwummm 1 1 l*: . 

^NOffl«&80. 0kgfc^#0«fr20.0kgfc £ Vi^i 
£&ALT^L. lOOkgOfflf^L^ M^ffiB&Offl 



mwRLtitzz. mwsftmT3i$iWi, m-. 26.2 

%, Dy: 5.8%, B: 0.95%, Nb: 0.20%, Al : 0.1%, C 
o: 2.5%. Cu: 0.15%, Ga: 0.15%, Sgtf: Fetfc 0 . 
^MftiiO: 0.15%, N: 0.02%, C: 0.02%T#>o;t„ 

[008 1] 

[£9] 





fflftE (1 




Nd 


Dy 


B 


Nb 


Al 


Co 


Cu 


Ga 


Fe 


N 


29.0 


3.0 


0.95 




0.10 


2.50 


0.15 


0.15 




O 


15.0 


17.0 


0.95 


1.00 


0.10 


2.50 


0.15 


0.15 





[0082] w^mmmmmm^ooppmirF am 

m.2um<7)ffl$}blfi:. ;w8M&*aEIHfcKl0kDe. j£ 
Mill . 5ton/cm2 <3^"C*fcSffilftS?B Lit. # £>*Lfcj£ 
ff^#:Sr*!)3XlO- 5 TorrtfOJE^T, 1040M100X:<OiB 
S*Effll*I^#iaKf 2 B#r H 1M^fM?S^ T'ftffl Ltz . 
[0083] #^ftt#M^#:(;^g'[4^X|?HM^T" 
900°CX 3B#H5i:480 o CX 1 B#|E<?$fc4!!ig£# 1 HJfi Lit 

iL ^2a*T^aLTR-T-B^Misa*AiKE^#fc. 2 

0°CT"Mttt^ $J5e Lit - ^ , Mf£}SJS£ 1050-109 

o°ch Lfc«^t*Aa5t txnt Lvmmmmm 

t>iVfc. ftt^lSSS^1070°C^lf#tl2.5kGi?)Br, 24.5 
k0e<7)iHcMX37. 5MG0eO(BH)max^#£,tu 'M$^£S* ! 1 
080°CtOB#tl2.5kGOBr, 24.2k0eOiHc&V'37.4MG0e<7) 
(BH)max#f#£,fU Br&lX(BH)max£W>^it „ fffE7}cA 
iI5£#flrL£:fc^ fi*W^*T"±)MH2. Nd: 2 
6.2%, Dy: 5.8%, B: 0.95%, Nb: 0.20%, Al : 0.1 
%, Co: 2.5%, Cu: 0.15%, Ga: 0.15%, M3: Fef 
h 1 ). ^miffl: 0.38%, N: 0.03%, C: 0.05%t* 

-3!to 



[0084] ss*s^E*no7o°c, io&o°ccDmmmm^ 



£A@ (R 2 T 14 B) ft ((5iJ'*4>SS) MIMCfc 
ftl.fi#±ll7C«(Dy)^lfi^}liJSL^ 0 ^SH, R 2 
T 14 BS±fflf§ H B B S£\ *#±^7C*(Dy)OJim^M H H H S 
WffliOa^fl'i -wiM'iJiSL M*±«7G3&(Dy)<?) 

pj£*(Dy ) msbmm.m t mm 1 1 *se<o±ffl 

[ 0 0 8 5 ] ggjfeffij6 

K^nm^tzwmmmm 1 1 ^att ltto# l^ . 

££Ptf)fflf&90. Okgfc-^QcOfflBHO.Okgfc £ Vl^i 
fcSALTS&L. lOOkgO^TOt Lfc. m&m 
CDm&$:ftffiLtzkZ6. *tW#^T±J&frf£, Nd: 
20.6%, Pr: 8.8%, Dy: 2.6%, B: 1.06%, U: 0.18 
%, Al: 0.05%, Ga: 0.17%, FeTfc 9 , MWi 

(ifl: 0.15%, N: 0.01%, C: 0.01%T"fe-o/t o 

[0086 ] 

[SI 0 3 





tofe (S 


M%) 




Nd 


Pr 


Dy 


B 


W 


Al 


Ga 


Fe 


p 


21.70 


9.30 


1.00 


1.06 


0.20 


0.05 


0.17 


mm 


Q 


10.50 


4.50 


17.00 


1.06 




0.05 


0.17 





[oo87] u^mmmmmm^ooppmaT am 
it) comm^xmm^T'j^yh^jw^L, ¥#>n 

mm . 5ton/cm2 0^frT"^J±«ffiJ Lfz„ # t>tltzf$L 



JBfl££ft3Xl0- 5 Torrt?)*S^T'\ 1040— 1100°CO?£ 

[0088] f#^tt>t#MIS#;(;^Stt^xi?fflM^T" 

900°C x 3 B^rali; 550°C x 1 B^l^i^Pi^^ 1 IHJfe Lfz 



(a 0))00-188213 (P2000- 



m 



°cxmmmmi&itz tz*>. t$m&&%. 1050-1090 

tifZo #t^S^'1070 o COt#tl3.2kGc7)Br, 19.5 
kOeOiHcS.V'41. 8MG0ecPD(BH)max^#A,fL. M^fiJK*n 
080°Ct?)i; # (;B.2kGc7)Br. 19.3k0e</0iHcMMl.7MG0e 
iO(BH) max^# £> ft. . Br&V (BH) maxifi&fr -n tz „ 
[0089] MfEiKAIffiO 3 ^ftl^TRASffiOffl. 
fiS^WUcfe^. fi*H^*T"Nd: 20.6%, Pr: 8. 
8%, Dy: 2.6%, B: 1.06%, W: 0.18%, Al : 0.05%, 
Ga:0.17%, S§P: Fetfc 0 , =f*fiW±0: 0.50%, N: 
0.02%, C: 0.06%tft-3fc. 

[0 0 90] mSffl^l070 o CS.y ; '1080 o C<7)*frT"ftSL 
^#fcLT±ffli£ B B H S (R 2 T 14 B) ft ((Sli'^gP) atx 



#±S&uS; (Dy) ^ilS^sMi^ffl J; Offiv >Hr ?)±ffl 
g&Si: , S#±il7C«(Dy) OilE^sMu^ffl 1 1111 

m L i ^Hto±ffilS H H H S t ^ § ftT v ^ <r t tfft 
fritz. 

[0091] mumn 

* juv ^zwummm 1 1 ^atc lt . 

R^ffl^90. Okgfc^-#S«£lO. 0kg ^ vs^sta 

fH&mLtlbZ^ fiMW#^T±j£5Mi . Nd: 21.3 
8%, Pr: 7.12%, Dy: 1.50%, B: 1.03%, Al : 0.08 
%, Co: 2.00%, Ga: 0.08%, Cu: 0.1%, FeT" 
0: 0.14%, N: 0.02%, C: 0.02%"C$>r>1i. 

[0092] 

[ftl 1] 









Nd 


Pr 


Dy 


B 


Al 


Co 


6a 


Cu 


Fe 


R 


22.50 


7.50 




1.03 


0.08 


2.00 


0.08 


0.10 




S 


11.25 


3.75 


15.00 


1.03 


0.08 


2.00 


0.08 


0.10 





[0093] m&m&iwmmtfiQppn&T <#* 
jt) commtf^mmmrvx ? b 
m.2jim<nwib Ltz, %t>titznmmm$mm 
mx\ ^mzmtt^^zmmm (tamm (ao 

£L ffitffi^ : aj3fc*-^-WM>A-30) tfrfcrBUKLfc. 
ft &*Ufc* 5 U - SrffltlHftKlOkOe , J&ffiffil . Oton/cm 2 
TffifiSji&^Lfc. ff^ft/i^fr^SXlO" 1 TorrO 
*^T'200°CT" 1 B#r8!M& lXMi& U 1^ 3 X 10" 5 To 
rr^*S^T'1040--1100 o CO^)SiEllll^O^£)S'r-' 2 B§ 

[00 94] #MIS#ct^Stt^X|?Hm^-CWCx 

2B§r B ifc48o°cx mr H i^Mn&#i0fst^s, s 

fflST"^fflLTR-T-B^^|SS7l<A^&ff m Lfc. 20 
°CT'«m#tt^il5g Lfc t Z h . ^8^^1060-1090 
r^fi^fcfcXIffifc LTif i U«#l4##£>ft 
fc. #tmSS^^'1070°CO^tl3.9kG«Br, 15k0e 
OiHc&V46. 5MG0eO (BH) max^f £>ft. fm&g&lOSO 
XZCOt^zU. OkGOBr , 14. 8k0e^iHcStX47. 2MG0eO(B 
H) max^# A, ft „ BrSV (BH) max^B^ £ „ 

[0095] ffiESsase^ o *>Rim%mm&ift 

mhtzbc\h, fi*W^*T''±fifeb v «. Nd: 21.38%, P 
r: 7.12%. Dy: 1.50%, B: 1.03%, Al : 0.08%, Co: 
2.00%, Ga: 0.08%, Cu: 0.1%, SS5: FeT"S> 0 , ^ 
MfeiiO: 0.16%, N: 0.06%, C: 0.06%Tfc-3fc. 
[0 0 96] TO8Bga£B<7) 3 %ft^W&MMEO»r 
ffiffill^. EPMA (Electron Probe Micro-Analyzer ; JED 
LIS. SfeUXA-8800) £fflvv£\ TfE^frT'«L 



MIE: 15kV s 
StfWlK^S: ^4 ■ 10 :: A. 

1 #*f jSSfc 0 COX^UX 0 &mm ( If ^B§r B 1 ) : lOrase 
c, 

^WjSft: « (X) Jflfnaxm W 1ifo&b fct400 

X&^W|aj«0#^ffjS«OlSIIl: 0.12/^m, 
H^ff(7)X >J T : 0. 12 u m X400^t=48ju mOSMffM 
H. 

[00 97 ] ±|0^frTb*-i».^ ft/MsK-y htROii 
IffS £ 1 1 J: 0 . Dy, NdS.V'Pr^a^*&iISL 

fc. Dy, MRVPremmzmvtfzfrMM^immMm^ 

(LiF) T*oJt„ *^Jt^JtOR-T-B^$g 

S7^ii5«fSH H H fflil&El4 tstm&Wt^-f . IS H H « 
«R 2 Ti 4 BS±ffl|g B B H &l IS B B H &^ffl2 £#L. IS b b h& 

t ft s Dy <?)ii®^ & h 5 1 ^ l , mcornm^ * m 

6(a)t7KL. PrOfl^^^H6(b)(;^ 0 05. H 
6 (a) , (b) frhWhiPtcSL 0 l^sS^ffltliNd, D 

y, vra)ftm±mwmz3M£X'%m^titzfjK m± 

3fifi<P0^t;Nd, Dy, Pr&ftft tTUl>fc(tT"(±^< . 
3fi^WT14|g B B H &^ffl^#^(;ff^OT'\ Nd, Dy, 
Pr O^-flJi^^t^^ V 4 . 

[ 0 0 9 8 ] 04 KiJ . IS H H B &^fflO 3 ffM 
LT^Ii^fiR (Nd, Dy, Pr) D-yf-fflT**. 06(a) 
Atf (b) *^Nd&V'Pr(i(5a'^f4^t#ftt-|> ; t iW)- 
S?t05. 06 (a), (b)*»t. Dyi±NdSW'Pri:(5 
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1.0// mRhB&flfcRj Ti 4 BS±fflS H H H SftOii^ ( ® 
§15) X'i> Hmmzft&f h c\btffahc\h j&*ih&>^> . 

[0099] i^tcTHKssBSfrt, ese#fa*»t± 

SAW < ±ffll£ B B BSft «;E»DyilE» ^ . SEW * 
ffl=t 0 ±ffllSH H B Srt^4?gPO*^DyflS^^®-<7)± 

w<mm^m^^m^m±imxfa o * . £ts 

05, H6(a),(b)tt3^TDy, NdJttf Prc7)jfi£#fi£ 

!i<>f b'«0^S*#JtLfc. 4 £04, 05&V'06(a), 
(b) !«Iil«^Jl:t?'f, Dy^jfig^* &5&t 

Wf S jB® S . £ <0 J: 5 t^SMHOR-T-B jR0BS 

[oioo] mmm&<n o ^fts«*t<o<o±fflis 
ais^sfi**^ h 7 t^t, a 7 wii«u±±ffltsfie 

^Vuy^M^MM^MVy h (Image Pro. Plus (DOS 



/V) ) t J D Hft^i L it o Hf«MTll5£ L ft 
ifflt&fl&^ffimfcSi fc LT. § fet#±ffl|g B B H &oR 
bWc£ R k Mm L . #±ffilS H B H egdi £■ ( 4 x Si - 
ft) 1/2 t£aLt„ ffiWO^^ ( % ) « . $J5e Lfc 

it s ±fflis H B B &oigi*T t*tr § 

tfe£±ffll£ B B H &Offli£T N ^Lt* C (T N /T) X100%] 

[0101] H7j&>£>0J!^&i: dt. *^0)lO7KAll 
5T1i . fig 2 ju m*iSO±ffi|g H B B a^^^*^' 0 %T 
fa *} , j&*Ol6ju mj^<9±ffli&f|^#ffi^j&*5. 8%T" 
$^^ML/ilS*. &fl2/im*iiO±ffiS 
b b bS^^*^ 5 %*}HT**ol6/i mIil±^±ffi|g B B H & 

coftmmmoxttTTfamiykxmfit txm tvm 



mmzmmx^ amn^ *: . $ t teg 2 // m 

*}S^±ffl^ B B B ©«^**^ 3 %OT"C* s ol6 ju mJJLh 
t0±fflgH B H e^W^'8%lilTT-*l>O^j; >9#? i L 
< , g@ 2 ^ m*iS^4£ffi$± H B B St0^^^i 0 
16// m^±^±ffi^B B B ©«^*^ 6 %JilTT& £ <7># 

Nb£*f 4j&*0. 01-0 . 6%<9%£T i IgS^tTCfc S . 
[0102] 



ttft 7 fc R*t ixmm Ltz . nm^M^^ff Lfc 

fc;*. fi*Wa*T±j£4Hi, Nd: 21.38%, Pr: 7.1 
2%, Dy: 1.50%, B: 1.03%, Nb: 0.70%, Al : 0.08 
%, Co: 2.00%, Ga: 0.08%, Cu: 0.1%, SSU: FeT" 
^»«40: 0.15%, N: 0.01%, C: 0.02%Xfa 

-oft, 

[0103] 
[SI 2] 







Nd 


Pr 


Dy 


B 


Nb 


Al 


Co 


Ga 


Cu 


Fe 


T 


21.38 


7.12 


1.50 


1.03 


0.70 


0.08 


2.00 


0.08 


0.10 





[0104] ^wmm^xmmmi tnmizLx , 

f/fL^fc;^, Nd: 21.38%, P 

r:7.12%, Dy: 1.50%, B: 1.03%, Nb: 0.70%, Al: 
0.08%, Co: 2.00%, Ga: 0.08%, Cu: 0.1%, Sgtf: F 
effcOs ^IfflttO: 0.17%, N:0.05%, C: 0.07%f 

fa-otZ. 

[0105] 2(rcfc:tiv^fiBS«*tt*iIStfclSft, ih 

C tOK/Wi:16k0e|fjfIi;ftV^\ Br(213. SkGlilT. (BH) 
max44.0MG0etlTT"fe 0 . Slfe^J7 tJt^tfi*»^fc. 
[0106] H8(±;«MISil50RHffl^^«^Wt 
^■f . IS H B H ffl^0 3(i^ K^tSL, ^OMom^M 

mAtntxfah, as .to. fe B B B&^ffl^t±ffliSB B B 

S^^^^iT"(5a^-^Dy?IS^fc . fe B B B&^ffl^ 



Dy?lS^ft < iffllSH^e^iOiSJJ'^^^ODy^Mfi^ ^ 

^ffl t «5«|5] tDyjffig^^ 1it-|>±ffllSB B B &(±31j@T" 
fa*).. iS B B H &^fflJ; DDyS^'fi^±ffilS H B H S(415fflT" 
ftofc. L^L|g H B H e^fflj; D±ffll£ H B H SP^(3S'^[> 
at<7)DyiSlg3&^v ^«H^$ ^=2c*^ st „ 

[0107] ^(r)tmm^mm^±m^ B mm^ 

9A»^i?>*«5r«tat. - 1 ^ m ti 
± 2 ju m*iS^±ffllSB B B S^^**n2. 5%T"fe 0 . 
ol 7 Jt^T £#c6^/Mmifc±ffll£ H B H Sg 

< ^7 btTUT. ±ffllS H B B S^+^MJI 
tt V 0 ^ COJt^^SM 7 t;J:t^TBrS.y ; '(BH)max 

[0108] ±l5HffeMT"(ifi#±ffi7U*^DyO^-2r 
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±ffllS B B H&^^r L . ±f EUSfefll fc ISHUfcSV ttr&tf (BH) 

s. 

[0109] nmmmzn. mtR^Mx-^mm 

ssi*^«7u^ (Nb^) xmmLtzwumcoi&fttf 
-jjcr 1 2 nvR-f-m&M&i* m^-zms-r & z. t 

L . 3&*oSV tfr&tf (BH) max^ffl^tCif jl^±fflS B a B S 

mm^tiw-mmm?i<xmtt3<&mz>z 
t^-csfc. *^BjTi±tfrfaR-T-B^#^*fc lt. 

3 Sia±^R-T-B^Mfr*£ ffl^T i> J: V\ ifein 
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